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EDITOR'S  PREFACE. 


Ax/THOUOH  a  translatioii  of  Heinrich  Rose's  Practical 
Treatise  of  Chemical  Analysis,  by  J.  Gnffin,  already 
appeared  in  1S31,  the  work  of  that  most  distinguished 
chemist  may  be  considered,  I  will  yenture  to  say,  as  un-  > 
known  to  the  English  pubUc ;  first,  because  that  translation 
is  now  and  has  been  for  several  years  out  of  print ;  and 
secondly,  because,  from  omissions  in  that  former  translation, 
and  from  additions  made  by  the  author  in  four  successive 
editions,  Eos£'s  Treatise  is  now  at  least  one  half  more 
copious  than  the  manual  which  was  published  as  its 
translation. 

The  present  work  has  been  written  from  the  French 
and  fit)m  the  fourth  G^erman  editiona  I  hare  deemed 
it  advisable  to  do  so,  because  tlie  French  translation 
contains  some  yaluable  notes  by  Professor  E.  Peligot 
I  have  ^irther  presumed  to  make  serend  additions  myself 

256386 


Digitized  by  Google 


vi  PBBPACB. 

wherever  I  have  thought  that  I  could  render  the  text 
more  clear  or  more  complete,  either  by  explaining  the 

rationak  of  some  of  the  directions  given,  when  they  might 
have  proved  ambiguous  to  the  student,  or,  at  other  times, 
by  adding  to  the  processes  indicated  by  the  author,  those 
which  have  been  discovered  more  lately  by  other  chemists. 
It  is  with  extreme  diffidence  that,  having  resolved  to  do 
so,  I  now  offer  these  remarks  ;  but  I  have  thought  that»  in 
a  work  like  the  present,  which  is  intended  as  a  book  of 
reference  to  the  analytical  chemist^  and  as  a  guide  to  the 
student  in  analytical  chemistry,  1  was  not  departing 
from  the  intentions  of  the  author  in  tr^aug  to  render  it 
serviceable  to  a  larger  number  of  persons  belonging  to 
the  latter  class.  For  the  same  reason  I  have  throughout 
the  work  einplojed  the  English  chemical  nomenclatm'c, 
instead  of  that  of  BerzeHus,  which  is  used  by  H.  Rose» 
but  which  is  scarcely  known  in  this  country  except  by  the 
scientific,  and  even  by  them  never  or  very  seldom  made 
use  of  in  their  various  pubUcations. 

The  stars  *  which  are  placed  at  the  beginning  of  a  large 
number  of  paragraphs,  indicate  the  passages  which  are 
wanting  in  the  translation  of  1831,  in  order  that  the 
reader  may  at  once  see  how  very  incomplete  that  fonner 
translation  is,  compared  with  the  present  edition.  The 


Digitized  by  Google 


PBBFAOE.  yii 

ooiresponding  volume  in  the  former  translation  contains 
only  200  pages,  the  present  consists  of  746  pages. 

H.  Boee's  Practical  Treatise  of  Analytical  Chemistry 
forms  two  volumes :  the  hrst  devoted  to  quaUtative,  the 
second  to  quantitative  analysis.  In  order  to  put  the  British 
public  as  soon  as  possible  in  possession  of  that  great 
chemist's  admirahie  work»  I  have  been  fortunate  enough  to 
prevail  upon  Messrs.  Tegg  to  publish  this  first  part,  which, 
under  the  title  of  Qualitative  Analysis,"  forms  a  complete 
and  distinct  treatise.  The  second  and  last  part,  upon 
which  I  am  now  aasiduoasly  engaged,  will  appear  shortly 
afterwards. 

In  conclusion,  although  it  does  not  become  me  to  speak 
of  the  manner  in  which  I  have  executed  the  extremely 
laborious  task  of  editing  such  a  masterly  work,  I  may 
perbi^  be  permitted  to  claim  the  merit  of  having  per- 
formed it  most  scrupulously,  and  with  the  utmost  fidelity. 
I  must,  however,  beg  the  reader's  indulgence  for  the 
idiom,  which  doubtless  will  be  found  at  times  to  have 
a  more  forensic  turn  than  should  be.  I  have  no  apology 
to  offer  for  this  defect,  except  that  the  work  is  a  trans- 
lation, and  that  the  English  is  not  my  native  language. 
But  I  trust  that»  however  inelegant  or  unusual,  the  mode 
oi  expression  will  not  often  be  found  obscure. 
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The  additions  of  M.  Peligot  appticu-  iu  the  text,  but 

are  placed  between  inverted  commas,  and  are  signed 

"E.  Peligot."     Those  which  1  have  niade  are  placed 

either  in  the  text  between  square  brackets  [  ],  or  in 
note,  and  signed  £d/' 

Jl.  NORMANDY. 

28,  Church  Rmd,  Ik  Beauvoir  Square,  Kingslund  Road. 
26M  A^igmi,  1847. 
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AUTHOR  S  PREFACE. 

~  ♦  — 

The  conditions  which  constitute  a  good  manual  of 

Analytical  Chemistry  are  so  numerous,  that,  in  composing 
the  present  work,  I  haye  found  it  difficult  to  fulfil  them  all. 
Wherefore,  the  main  object  which  I  have  kept  in  view  has 
prindpaUy  been  to  write  a  book  which  would  serve  as  a 
guide  to  those  who,  being  already  possessed  of  sufficient 
chemical  knowledge,  are  desurous  of  entering  into  analytical 
research. 

The  First  Volume  contains  an  exposition  of  the  order  and 

processes  which  should  be  adopted  in  quahtative  analysis. 
I  have  given  there  the  means  of  distinguishing  those 
substances  only  which  ai'e  of  more  frequent  occurrence, 
partly  because  they  are  more  interesting  than  those  which 
are  rare,  but  partly  also  and  more  especially  because  the 
descriptions  of  the  processes  which  must  be  resorted  to  in 
such  cases  would  have  been  a  great  deal  too  intricate  and 
obscure,  had  I  supposed,  in  the  compound  to  be  examined, 
the  simultaneous  presence  of  all  the  substances  which 
might  possibly  be  contained  in  it.  Whoever  is  sufficiently 
skilled  in  the  quahtative  analysis  of  those  bodies  which 
are  more  ordinarily  met  with,  wiU  be  able  to  discover 
without  difficulty,  rarer  constituents,  if  any  be  present,  || 
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their  behaviour  with  re-agents  being  indicated  in  all 
chemical  manuals,  and  panicularly  in  6erzelius*s  Treatise. 

The  Second  Volume  indicates  the  method  to  be  followed 
for  quantitative  analysis.  Each  simple  body,  except 
oxygen,  is  the  subject  of  a  separate  chapter.  In  each  of 
these  chapters  I  have  described,  first,  the  quantitative 
determination  of  the  simple  body,  and  of  its  combinations 
with  oxygen,  and  next  I  have  shown  the  means  of  sepa- 
rating  it  and  its  combinations  from  all  the  substances 
which  may  have  been  treated  of  in  the  preceding  chapters, 
beginning  with  the  simple  bodies  which  produce  bases 
by  their  union  with  oxygen ;  and  then  I  have  spoken  of 
those  whose  combinations  manifest  acid  propeities.  This 
appeared  to  me  the  most  convenient  order,  as  affording 
the  readiest  means  of  finding  out^  without  mucli  difficulty, 
the  plan  to  be  adopted  for  any  given  case  of  analysis.  I 
have  but  seldom  wandered  from  this  rule,  and  only  then, 
to  avoid  repetitions ;  and  by  adopting  it  I  have  been 
enabled  to  treat  of  the  analysis  of  all  the  silicious  minerals 
in  the  chapter  on  Silidum  ;  of  all  the  simple  or  compound, 
natural  or  artificial  combinations  of  sulphur  in  the  chapter 
on  that  element ;  and  of  the  analysis  of  nearly  all  gases 
in  the  chapter  on  Hydrogen.  The  alphabetical  table, 
which  I  have  placed  at  the  end  of  this  work,  will  be  found 
to  facilitate  research  still  inore. 

The  chemical  nomenclature  which  I  have  made  use  o( 
is  that  employed  by  Berzelius  in  his  Treatise. 
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PART  1. 


BEHAVIOUR  OF  SOfPLB  SUBSTANCES^  AND  OF  THEIR  SIMPLE 

COMBINATIONS  WITH  RE-AGENTS. 

XJ£  who  wishes  to  enter  into  the  chemical  study  of  the  nature 


of  bodies^  that  is  to  say^  to  render  himself  capable  of  per- 
fonning  qoaKtative  analysis,  must  first  acquire  a  complete  know- 
ledge of  the  behaviour  of  rc-af^ents  w  ith  the  substauces  for  which 
Ixe  is  seeking.  I  have  givcu^  in  the  Second  Part  of  this  volume, 
a  description  of  the  systematic  course  of  operations  which  should 
be  adopted  for  the  purpose  of  discoTcring  the  constituent  parts 
of  simple  and  of  compound  combinations ;  yet,  though  we  may 
think  wc  have  detected  these  constitucut  principles,  it  is  never- 
theless necessary  to  submit  the  substances  we  may  thus  have 
firand  out  to  the  action  of  wious  other  tests^  in  order  to  put 
the  accuracy  of  the  results  obtained  beyond  doubt. 

This  First  Port  wiD  therefore  be  devoted  to  the  examination 
of  simple  bodies,  of  most  of  their  simpler  combinations,  especially 
with  oxygen,  and  the  actions  of  the  most  characteristic  tests 
upon  them.  I  have  in  this  respect  called  particular  attention  to 
those  tests,  the  actions  of  which  produce  decisive  appearances^ 
and  wbidi,  consequently^  distinguish  aud  single  out  the  particular 
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fubstance  sought  for  from  those  which  it  may  otherwise 
leMinble. 

And  as  the  pxesence  of  organic  matten  often  modifies  the 

action  of  tests  upon  inorganic  bodies,  I  have^  in  snch  cases, 
indicated  what  methods  should  be  pursued^  in  order  to  arrive  at 
condusiTe  and  certain  results. 


SECTION  1. 
BASES. 

^^^^^^^^^^^ 

1.  POTASH,  KO. 

Pure  potash,  or  hydrate  of  potash,  is  white  and  somewhat 
dystalline  in  texture.  Water  readily  dissolves  it  with  disen* 
gagement  of  heat;  its  aqueous  solution,  even  diluted,  has  aveiy 
caustic  ta-stc ;  it  dissolves  the  skin  of  the  tongue,  and  turns 
reddened  litmus  paper  of  a  deep  blue.  Potash  quickly  absorbs 
moisture  from  the  air,  and  deliquesces ;  it  also  combines  with  the 
carbonic  add  contained  in  the  atmosphere,  thus  hy  degrees 
becoming  converted  into  carbonate,  and  ultimately  into  bicarbo- 
nate of  potash.  If  111  that  state  it  be  dissolved  in  water,  it  will 
effervesce  when  supersaturated  with  acids,  which  effervescence 
is  due  to  a  disengagement  of  carbonic  add  gas.  Potash,  heated 
in  a  silver  crudble,  fuses  at  a  heat  bdow  redness.  When  firee 
from  carbonic  add  it  is  soluble  in  alcohol. 

The  prese  nce  oi'  potash  in  an  aqueous  solution  is  detected  by 
the  foUowiug  tests : — 

An  excess  of  a  concentrated  solution  of  tabtaeic  acid  poured 
in  a  concentrated  solution  of  potash  produces  an  immediate  crys- 
talline predpitate  of  bitartrate  of  potash'^  which  is  a  sparingly 

'  When  a  re-ageut  is  added  to  a  solution  to  be  tested^  care  ahould  generally  be  taken 
to  stir  the  miztore,  not  oal/  to  innne  flie  difAnum  of  the  fo-ogent,  bat  likewiio 
bocanao  moohMiicul  foroe  hao  often  n  gfoet  inflnenoe  upon  ehenieal  affinitiee. 
CeriMn  aohitNaa  mey  exist  together  vitboiit  ehowiqg  any  aigna  of  eonibhiation, 
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soluble  salt.  Wlien  the  solatioii  of  potash  is  dilute  this  pre- 
d^tate  appean  only  after  a  certam  time^  but  the  longer  it 
takes  to  numifeat  itself,  the  more  dystaDine  is  its  appearanoe*. 

An  excess  of  a  strong  acid,  snch  as,  for  example,  muriatic, 
nitric,  sulphuric,  or  even  a  solution  of  oxalic  acid^  dissolves  the 
precipitate,  which  effect  is  not  produced  by  either  tartaric  or 
acetic  acid.  The  precipitate  formed  by  tartaric  add  is  also 
readOy  dissolved  by  the  solution  of  carbonate  of  potash,  of  pure 
potash,  of  soda  and  of  ammonia ;  a  small  quantity  of  a  strong 
acid  poured  in  that  solution,  causes  the  precipitate  to  reappear^ 
but  by  adding  a  larger  quantity  of  add^  the  predpitate  is 
le-dissolTed. 

*  The  precipitate  of  bitartrate  of  potash  is  insoluble  in  strong 
alcohol ;  wherefore,  ^vlicn  after  ha\ing  produced  the  said  preci- 
pitate by  pouriug  an  excess  of  tartaric  acid  in  a  solution  of  pot- 
aahy  and  haTing  abandoned  it  until  no  further  increase  of  the 
precipitate  takes  place,  the  dear  supernatant  liquid  is  poured 
off,  it  becomes  turbid  by  the  addition  of  strong  alcohol'. 

ponded  tiiegrlM]dflUrstt;tfiiB  is  MpeeUly  the  eM0  wiUt  twrtoric  add,  m  nmm 

of  the  tohition  of  which  majr  Iw  poured  in  a  solution  of  potash,  without  any  preci- 
pitadon  taking  place,  hut  the  moineiitUie  mUtara  is  stimdy  erystels  of  bitsrtiftte  of 
potash  instantly  fall  down.  —  Ed. 

'  Before  employing  this  rc-agcnt,  and  likewise  the  chiori<k'  of  platinum,  and  the 
sulphate  of  alumina  mentioned  shortly  after,  it  is  necessary  to  make  sure  that  no 
>w-.u  0f  aniDOiiisMl  sslfti  tan  pieseat*  This  is  SBoertidiied  by  applying  some 
csmtfe  potssh  to  •  porlioii  of  the  solnto  sader  exaniinsliooySiid  obeervlQg  whelfa^ 
SI17  odour  of  ammonift  issndttod.  If  so,  the  solution  under  examinstioii  most  be 
hsslsd  to  rsdnesfl,  by  which  means  the  ammnniacal  salts  are  decompof^ed  and  the 
ammonia  expelled,  after  which  the  fixed  rc«5ifhium  is  to  be  dissolved  in  distilled 
water,  and  tested  for  potash  by  the  re-agents  above  alluded  to.  The  absence  of 
ammonia  and  ammoniacal  salts  should  first  be  proved  as  we  have  just  said,  because 
ths  bihAVMMir  of  tHiaiieseid,  of  cUotide  of  pfaitiiniiD,aiid  of  sidphste  of  sloiniM  with 
tho«toof  simaoniftsiidthoseof  potsahisthessme.  The  erystab,  sipeeiali j  Aooo 
of  sanMoiMsl  slum,  have  the  aonio  form  as  those  of  potash-alum.  When  the  aola- 
tioa  under  examination  oootains  potash  and  ammonia,  but  is  very  dilnt<\  tlio  pre- 
!»fnrf>  of  the  ammonia  does  not  inflMonce  the  precipitate,  because  the  bitartrate  of 
amnionia.  which  would  be  pro(hii  oil  would  r*-main  in  solution,  and  consequently 
would  not  appear,  whilst  bitartrate  of  potash,  being  much  leas  soluble,  would  fidi 
dswiii  Kii 

*  ItislhsvdbmsdnnbleloaddBOiiMaleoholtoflieHq^whiohis  shont  to  be 
tMlid  tepotesh  by  iMtvk  add;  for  bitartrate  of  potash  bdi^lsM  sold^ 

disii  in  water,  the  dsBcaejr  of  the  test  is  thocelij  mnoh  iasMaaed^BD. 
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An  alcoholic  solution  of  bichloride  op  platinum  (chhrure^ 
pUdkuque)  produces  in  solution  of  potash^  a  pale  yellow  predpi- 
tate,  wbicK  is  a  double  chloride  of  platinum  and  potassiiuDy 
[chlorure-platinico-potassique)j  sparingly  soluble.  Wben  the 
quantity  of  potash  is  small,  it  is  better  to  dissolve  it  in  alcohol, 
and  then  to  poor  into  it  the  spirituous  solution  of  chloride  of 
platinum*,becaufle  the  double  chloride  of  platinum  and  potassium 
just  alluded  to,  is  altogether  insoluble  in  aloohol*.  In  dilute 
solutious  of  potash  this  ])iccipitate  requires  a  longer  time  to 
manifest  itself,  and  then  it  often  has  a  crj  stalline  appearance, 
and  a  somewhat  reddish  colour.  It  is  good  to  add  a  little  muri- 
atic acid  to  the  solution  of  potash.  The  precipitate  thus 
obtained  is  not  sensibly  dissolved  by  a  free  acid*. 

Hydrofluosilicic  acid  {acide  silicifliiorhydrifpie)  produces 
in  moderately  concentrated  solutions  of  potash,  a  precipitate  of 
silioofluoride  of  potassium  (M/ict)fooriire-jpo/aMt$fiie)  sparingly 
soluble,  which  is  so  gelatinous  and  translucid  as  to  be  ahnoat 
invisible,  especially  if  the  solution  of  potash  be  veiy  dilute. 
This  gelatinous  precipitate  takes  a  long  time  to  separate,  and 
can  in  reality  be  recognised  only  because  it  is  less  transparent 
than  the  supernatant  liquid,  and  because  it  is  somewhat  in- 
descent ;  when  dried  it  forms  a  white  powder. 

*  It  is  necessary  that  the  hydrofluosilicic  acid  should  be  poured 
in  excess  in  the  solution  of  potash^  and  not  the  potash  in  the 
acid,  because  in  such  a  case  the  firee  potash  would  separate 
gelatinous  silicic  add,  which  would  remain  insoluble  in  an 
excess  of  hydrofluosilidc  acid. 

If  the  solution  of  potash  be  concentrated,  the  addition  of 
hydrofluosiheic  acid  thereto  produces  a  white  turbid  appearance, 
and  soon  alter  the  transparent  gelatinous  precipitate  begins  to 

'  In  dilute  aoluiioilB  the  additioti  of  aloohol  increases  also  the  sensitiveness  of 
chloride  of  plntinum  as  a  test  for  potash,  because  the  doable  chloride  pro^ooed  hf 
this  re-agent  is  insoluble  in  even  weak  alcohol. — Ed. 

*  The  sensitiveness  of  chloride  of  platinum  is  augmontod  by  this  addition  of 
a  little  muriatic  acid  ;  but  when  die  test  employed  is  tartaric  acid,  we  must  bear  in 

that  no  precipitate  would  be  then  piodoeed,  becanae  bitartimte  of  polaah  hi 
aohibk  in  an  exeeei  of  a  atroDg  add,  aa  haa  been  aeid.~Eii. 
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separate.  In  mch  a  case,  however,  it  is  not  so  iridescent  as 
that  which  has  fallen  from  a  very  dilute  solution.  Muriatic 
add  does  not  dissolve  this  precipitate;  but  after  that  addition 
it  is  no  longer  transparent. 

An  alcoholic  solution  of  cabbasotic  acid  {acide  nitropicrique) 
produces  even  in  dilute  solutions  of  potash,  a  crystalline,  pale, 
yellowish  precipitate  of  carbazotate  of  potash.  In  order  to 
obtain  this  precipitate  when  the  quantity  of  potash  is  very 
minute^  it  is  advisable  to  dissolve  the  potasih  in  alcohol ;  becanse 
the  salt  of  potash  produced,  as  just  said,  is  insoluble  in  this 
menstruum.  This  re-agent,  proposed  by  Liebig  for  the  detection* 
of  potash^  is  still  more  delicate  than  the  chloride  of  platinum 
eolation ;  in  effect,  when  a  solution  of  potash  is  so  much  dilated 
that  a  eolation  of  chloride  of  platinum  causes  no  precipitate,  the 
alcoholic  solution  of  carbazotic  acid  produces  one  in  the  liquid ; 
if  not  immediately,  at  least  after  a  short  time. 

A  concentrated  solution  of  sulphate  of  alumina  {sulfate 
almmmque)  poured  in  a  oonoentiated  solution  of  potash,  pre- 
Tioasly  saturated  with  an  add,  for  which  purpose  muriatic  add 
is  preferable,  produces  a  precipitate  of  alum  in  crystals,  which 
may  generally  be  recognised  as  regular  octahedra;  often  with 
truncated  angles.  The  crystals  of  alum  so  obtained  do  not 
effloresce  in  the  air. 

*  A  eolation  of  pbxch&obic  acid  (acide  os^eMorigue)  produces, 
according  to  Semllas,  in  a  solution  of  potash  an  abundant  pred- 
pitate  of  perchlorate  of  potash,  which  is  insoluble  in  alcohol. 

Before  the  BLOW-riPS,  according  to  Harkort,  potash  may  be 
detected,  because  the  glass  of  borax,  in  which  pure  ozyde  of 
nickel  has  been  dissolved,  assumes  a  blueish  colour*.  According 

■  Tbe  gta  «l  honx  la  whidi  pme  oxyde  of  nielnl  hii  bMn  dinolved  bgr  ftnion, 
b  of  an  mnge  yelknr  or  nddiah  eolov,  whidi  dia^tpeon  in  cooling.  A  strong 
dtm  of  fntjdc  of  nickel  gives,  however, »  gUus  whieb,  when  cold,  is  of  a  dark  red 
And  transparent  colour.  It  is  only  necessary  to  take  care  not  to  fuse  tlic  glass,  for  a 
rf  iliictlon  boat  d<  siroy»  that  colour,  and  the  glass  appears  grey,  owing  to  the  presence 
of  metallic  nickel  in  a  state  of  cxtreroe  division,  and  which  pervades  tlie  mass.  The 
esjde  of  nickd  iniist  be  very  puro,  for  if  it  contains  any  cobalt,  aa  ia  fireqoiiitiy  the 
ceee^  llie  ^aaa  wodd  of  ooofae  beeome  Uae,  and  oooaaqiiently-iiaeleai  aa  a  leafc  for 
polMh.  Ifr.  FbUoar  (in  the  /(Nifii./Br  pr.  C^mk,  xvi.  164),  givea  Hie  feDowing 
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to  Fuchs,  there  is,  however,  a  much  better  means  tban  that 
to  detect  potash  by  means  of  the  blow-pipe;  it  consists  in 
patting  a  small  piece  of  the  substance  upon  a  platinum  wire 
.hent  into  a  hook,  and  to  fuse  it  in  such  amannerthat  the  point 
of  the  interior  flame  touches  the  fused  head,  by  which  means 
the  exterior  flame  assumes  a  purple  or  violet  colour 

The  aqueous  solutions  of  the  salts  of  potash  behave  with  the 
pieoeding  re-agents  exactly  in  the  same  manner  as  with  pure 
potash. 

An  excess  of  tartaric  acid  poured  in  concentrated  solutions 
of  the  salts  of  potash^  produces  the  same  precipitate  of  bitartratc 
of  potash  as  in  solution  of  pure  potash.  Yet  this  precipitate 
does  not  immediatdy  appear  in  the  solutions  of  the  salts  of 
potash,  which  are  a  litUe  less  soluble ;  as,  for  instance,  that  of 
sulphate  of  potash. 

The  alcoholic  solution  of  bichloride  op  platinum  produces, 
in  concentrated  solutions  of  potash  salts,  the  same  pale  yellowish 
precipitate  of  potassio-chloride  of  platinum  as  in  the  solution 
of  pure  potash*.  When  the  salt,  which  is  going  to  be  tested  for 

metiiod  of  detecting  the  prasMiM  of  eobtlt  in  oxyd«  of  idekel  bj  mouis  of  tiie  Uoww 
pipe.  The  mnple  imder  einiinmHoii  ie  to  be  fbaed  in  borax  slmoek  to  ntnmliflii, 

and  until  the  man  be  opaque.   Several  samples  thus  trmtod  are  to  be  put  together 

and  melted  at  a  reduction  heat  witli  about  1  grain  of  pure  gold  (5  centigrammes). 
Tho  gold  takes  up  tlie  nickel,  and  becomes  lighter  in  eolour.  The  gold  is  tlif^n  to 
he  disencftged  hy  a  blow  with  a  hammer,  cleaned,  and  next  it  is  to  l>o  suJ  initted 
tu  u  reduction  heat  «ith  borax.  The  httle  cobalt  which  tlie  gold  ma^  have  taken 
gives  a  Uoe  ooloiir ;  aad  when  tiie  redaction  of  tiie  nickel  begins  to  take  phicc,  the 
C^aM  on  cooling  beeomee  greeniah.  The  gdd  is  sgMn  to  be  dieeng^^  an  beilbre^ 
Mid  nbmittad  witii  aalt  of  phoaphoraa  to  die  oxydating  flamoy  wlien  the  ciunetar- 
iatic  wctiou  of  nickel  will  appear.  The  gold  may  be  separated  from  the  nickel 
and  recovered  by  fusing  it  with  n  little  lead  and  oxydating  the  latter  npon  a  littie 
bone-ash  cupel. — Ed. 

'  Tliis  test  ih  characteristic  only,  provided  there  be  no  soda  present,  otlierwiBC  it  will 
yield  the  yellow  dihtinctivc  colour  of  Uiu  soda  flame,  even  though  a  largo  quantity 
of  potaah  may  be  praaent>->Ei». 

s  It  win  be  aoen  hereafter,  when  annnnnia  ia  Irealed  of,  lliat  tiiia  alkali  Ibnua 
also  a  doable  ddoride  of  ammonia  and  platinmn,  wiiich  rseomMee  ray  mndi 
that  formed  by  bichloride  of  platanum  and  p(itn>.h.  Dr.  Fresenius  indicates,  as 
the  best  method  of  applying  thi«  test,  to  mix  tlie  aqueous  solution  of  tlie  salt  of 
pritash  with  bicldorido  nf  platinum,  to  evaporate  the  mixture  nearly  to  dryness 
in  a  <steain  nr  uatcrbatli,  and  to  add  alcohol  to  tiie  residuum,  which  wili  leave  the 
double  chloride  of  potassium  and  platinum  imdissolved. — Ed. 
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potaah>  aolnble  in  alcohol,  it  i.  also  better  to  dissolve  it  in  tlmt 
meiMtorniini,  and  then  to  mix  it  irith  the  alcoholic  solution  of 
chtonde  of  platinnm. 

Hydrofluosilicic  acid  has  the  same  action  on  aolutiona  of 
salts  ot  potash  as  on  that  pf  pnre  potash. 

When  CAMAaoTic  acid  {acide  nUr^qncrigue)  is  the  test 
employed  to  detect  extremely  small  qimntiti.s  of  a  salt  of 
potash.  It  is  advisable,  if  the  salt  be  soluble  iu  alcohol,  to  dissolye 
It  therein,  and  to  test  the  alcoholic  solution. 

A  concentrated  solution  of  sulphate  of  alumina  poured  in 
ooncentated  solutions  of  most  potash  salts,  determines  after  a 
ahort  time  the  precipitation  of  crj^stals  of  alum.    This  effect  is 
produced  more  particularly  in  concentrated  solutions  of  sulphate 
and  mtrate  of  potash,  and  also  of  chloride  of  potassium  The 
solution  of  sulphate  of  alumina  poured  in  that  of  a  neutral 
phosphate,  aneniate  or  borate  of  potash,  produces  a  bulkv  pre- 
cipitate, which  is  a  combination  of  alumina  with  the  acid  of  the 
potash  salt  operated  upon.    If  the  solutions  of  these  salts  be 
acid,  crystals  of  alum  are  obtained,  but  most  often  they  appear 
only  after  a  wy  long  time;  their  formation  may,  however,  be 
accelerated  by  the  addition  of  sulphurie  acid.    Car])oiiate  of  pot- 
ash and  sulphuret  of  potassium  must  be  previously  converted 
into  chloride  of  potassium,  by  means  of  muriatic  add,  in  order 
to  obtain  crystals  of  alum  by  the  re-action  of  the  solution  of 
su^hate  of  alumina. 

*  Pbbchlohic  acid  produces,  in  solutions  of  potash  salts,  the 
same  precipitate  of  perchlorate  of  potash  as  in  solution  of  pure 
potash. 

Before  the  blow-pipb,  potash  may  be  detected  in  potash  salts 
in  the  same  manner  as  pure  potash  ;  <;lass  of  borax,  in  which 
pure  oxyde  of  nickel  lias  been  dissolved  is  coloured  blue  by 
these  salts.  But  it  is  detected  still  better,  at  least  in  most  pot- 
ash  salts,  by  the  violet  or  purple  hue  which  the  exterior  flame 
assumes  when  the  potash  salt  is  fused  upon  a  platinum  wire, 
and  directing^  the  point  of  the  interior  flame  upon  the  fused 
bead.    Chloride,  bromide,  and  iodide  of  potassium  are  the  salts 
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which  more  distinctly  than  others  show  that  characteristic 
violet  colour  in  the  exterior  flame  of  the  blow-pipc.  This  violet 
flame  is  even  more  sensible  with  these  salts  than  with  pure 
potash.  Carbonate  and  sulphate  of  potash  do  not  exhibit  this 
phenomenon  so  strikingly^  and  phosphate  and  borate  of  potash 
show  it  still  less. 

*  Wheu  concentrated  alcohol,  previously  diluted  with  nearly 
its  bulk  of  water;  is  poured  upon  a  potash  salt  reduced  to  powder, 
if  the  vessel  in  which  this  has  been  done  be  phiced  over  a  spirit 
lamp  and  then  heated  to  ebullition,  upon  inflaming  it,  the  colour 
of  the  flame  becomes  manifestly  blue  or  i-iolet.  Chloride  of 
potassium  shows  this  phenomenon  better  than  any. 

*  The  neutral  salts  which  potash  forms  with  sulphuric,  car- 
bonic, phosphoric,  arsenic,  and  boracic  acids  may  be  heated  either 
out  of  or  with  the  contact  of  the  air,  without  fear  of  their  being 
volatilised  or  decomposed,  provided  always  that  this  be  done  in 
a  vessel,  the  nature  of  which  be  not  capable  of  exercising  a 
decomposing  influence  upon  them.  Chloride  of  potassium,  if 
heated  to  redness  in  contact  with  the  air,  is  sublimed  in  the  shapo 
of  a  white  smoke,  but  does  not  thereby  undergo  decomposition. 
It  is,  however,  nuccssiu in  order  to  volatilise  a  somewhat  con- 
siderable quantity  of  it,  to  submit  it  to  an  extremely  high  heat, 
and  to  employ  shallow  vessels.  This  remark  applies  also  to  the 
bromide  and  iodide  of  potassium.  In  the  salt  which  potash 
produces  with  oxalic  and  other  organic  acids,  as  well  as  with 
nitric,  phosphorous,  hypo-phosphorous,  and  several  other  acids^ 
the  action  of  red  heat  destroys  the  acid. 

*  Some  of  the  solutions  of  neutral  potash-salts  do  not  change 
the  blue  colour  of  litmus  paper,  and  others  change  reddened 
litmus  paper  into  blue.  Sulphate  and  nitrate  of  potash,  chloride, 
bromide,  and  iodide  of  potjissium  dissolved  in  water  belong  to  this 
first  class  ;  phosphate,  arseniate,  borate,  and  carbonate  of  potash, 
fluoride  and  sulphuret  of  potassium  form  part  of  the  second  daaa. 

*  Most  of  the  potash-salts  which  are  more  frequently  met  with, 
such  as  sulphate,  and  nitrate  of  potash,  and  cliloride  of  potas- 
sium do  not  contain  any  water  of  crystallisatiou,  owing  to  which 
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they  do  not  effloresce  in  the  air;  yet  tlie  potash-salts  which 
oontain  water  of  dyrtallisatioii  do  not  effloresce  either.  Small 
qfumtities  of  these  salts  may  often  be  recognised  firom  their 
crrstalline  form.  Chloride  of  potassium  crystallises  in  cuhes, 
the  nitrate  in  prisms,  the  sulphate  in  regular  six-sided  prisms 
terminated  hj  six-sided  pyramids ;  the  carbonate  does  not 
crystallise  or  at  least  not  readily,  and  it  deliquesces  in  the  air, 
the  moisture  of  which  it  greedily  absorbs. 

Potash  forms  \>'ith  only  a  few  acids  suits  which  arc  insoluble 
or  sparingly  soluhle  in  water,  and  its  presence  in  such  salts  is 

then  sometimes  difficult  of  detection.  Ordinarily  this  can  be 
done  sDCoessfblly  only  after  having  separated  the  add  from  the 

alkah.  But  such  comhinations  are  of  rare  occurrence,  and  they 
are  formed  only  by  very  weak  acids,  or  by  acids  which  in  a 
state  of  pnrity  are  insoluble,  or  difficultly  soluble  in  water. 
Frequently,  then,  it  is  only  the  add  combinations  which  are 
insolnble  or  nearly  so :  the  neutral  combinations  are  soluble. 
The  combinations  of  jiotnsh  with  o.w  de  of  uranium,  peroxyde 
of  tin,  protoxyde  of  antimony,  with  antimonious  and  antimonic 
adds,  tellurons  add,  titanic  and  silicic  adds,  are  insoluble,  or  of 
Toy  difficult  solution. 

The  prindpal  re-agents  in  use  for  detecting  potash  in  solu- 
tion, are  chloride  of  platinum  and  tartaric  acid' ;  carbazotic 
and  perchloric  adds  are  less  frequently  resoi-tcd  to  because  they 
are  not  so  easily  procured.  Sulphate  of  alumina  and  hydro- 
ftuosilidc  add  are  less  to  be  depended  upon,  especially  the 
latter,  which  cannot  distinguish  potash-salts  from  soda-salts. 
Chloride  of  platinum  and  sulphate  of  alumina  behaving  with 
ammoniacal  salts  in  the  same  manner  as  with  salts  of  potash, 
it  is  neoessaiy,  before  dther  of  these  tests  is  applied,  to  make 
sure  that  ndther  ammonia  nor  ammoniacal  salts  are  present  in 
the  substance  to  be  operated  upon. 

When  potash  or  the  salts  of  that  base  are  combined  in 

'  Acconlins  to  Mr.  Hartinj?,  clilorido  of  platinum  may  indicate  ^-u,  of  potash, 
Mifl  coucciitrateil  tartaric  acid  of  the  same  base  in  Bolutiou  of  nitrate  of  potaab. 
Slightly  reddeiwd  Klmiis  paper  may  detect  9^90  of  anhydrous  polaihd — ^Bd. 
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solutions  witli  much  orprauic  substance,  solution  of  tartaric  acid 
and  of  chloride  of  platinum  indicate  the  presence  of  potask  even 
in  highly  oolonied  liquids.  When  the  object  is  to  ascertain 
whether  an  organic  substance  either  in  the  solid  or  a  pasty 
state  contains  any  potash,  it  is  to  be  treated  with  water,  and 
then  by  dilute  muriatic  or  by  nitric  acid.  But  when  the 
quantity  of  organic  nuitter  is  small,  it  is  better  to  carbonise  it 
in  a  hessian  crucible^  or  better  still  in  one  of  platinmn^  at  a 
heat  which  should  not  be  too  strong,  then  to  pour  water  or 
muriatic  acid  on  the  charred  mass,  and  then  by  means  of  the 
above  tests  the  presence  of  potasli  may  be  easily  ascertained  in 
the  filtered  solution  thus  obtained. 

S.  SODA,  N«0. 

VvRE  hydrate  of  soda  in  the  solid  state  resembles  pure  potash 
very  much,  but  its  aqueous  solution  may  be  distinguished  from 
one  of  potash  by  the  following  characters ;  namelyj  that  neither 
an  excess  of  a  concentrated  solution  of  tabtaric  acid,  nor  one 

of  BICHLORIDE  OF  PLATINUM,  UOr  PERCHLORIC  ACIB,  UOP  CARBA- 

zoTic  ACID,  produce  any  precipitate  in  soda-solutions.  Tlie 
three  acids  just  mentioned  would,  however^  produce  one^  if  the 
soda-Bolution  were  very  concentrated 

Solution  of  SVLFHATB  OP  ALUMINA  docs  uot  produce  any 
crystals  of  alum  in  soda-solutions  previously  saturated  with 
an  acid,  but  hydrofluosilicic  acid  produces  in  a  soda-solution, 
provided  it  be  not  too  dilute^  a  gelatinous  precipitate  of  silioo- 
fluonde  of  sodium  *. 

'  Hm  ptedpitate  fonned  in  eoDeentrated  eolutioiu  of  soda  by  tartaric  acid  is  a 
bitartratc  of  soda  whifib,  koWWW,  Is  mfficiontly  diBtinct  from  the  bitartrato  of 
potash  produccHl  by  the  samo  rc-a^ent  in  jwlution  of  potash:  Ist,  Ky  its  greater 
solubility  in  wat^^r.  Bitartrato  of  soda  is  soluble  in  8  parts  of  cold  aii-l  1  U  of  boiling 
water,  whilat  bitartratc  of  potash  requires  U5  parts  of  cold  and  la  of  boiling  water 
for  its  MlatiQO.  Sodly,  By  the  difference  of  form  of  its  dTstals.  Bitartmto  of  soda 
tanoB  mail  prisnialie  ajuMa,  wliOit  tfae  bitartmto  of  potadi  iaHs  in  cqnslaUinA 
gnins.  It  ts  pariisps  nsnnsairy  to  remark,  thatbitaitinto  of  aodaislilwliltartrnte 
of  potash  insoluble  In  aloolicl;  and  that  the  solubility  of  bitartrate  of  potash  is  much 
increased  by  the  presence  of  borax,  2  parts  of  which,  in  5  of  bitai-trate  of  potashf 
X^der  tlie  whole  noluble  in  G  times  their  weight  of  boiling  water. —  Ku. 

*  The  soda  solution  should  be  strong  in  order  to  obtain  this  gelatiuous  precipitate. 
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Before  the  blow-pipb>  soda  can  most  easily  be  distinguished 
firom  potash,  because  glass  of  borax,  in  which  pure  ozyde  of 
nickel  has  been  dissolved  retains  its  dark  red  or  brown  colour 
nnchanged  hy  the  addition  of  soda ;  but  the  colour  of  the  exte- 
rior flame  affords  a  much  more  distinct  and  quite  characteristic 
sign,  because  when  soda  is  melted  upon  a  platinum  wire  bent 
into  a  hook  at  the  end,  and  the  point  of  the  interior  flame 
directed  npon  it,  as  for  potash,  the  exterior  flame  assumes  an 
intense  yeDow  oolour  of  the  same  hue  as  that  of  a  wax-candle 
burnin«r  in  a  quiet  atmosphere.  This  phenomenon  is  (U  veloped 
even  when  soda  is  mixed  with  a  ^eat  quantity  of  potash. 

When  soda^salts  in  a  pulverised  state  are  treated  by  dilate 
alcohol  in  the  same  manner  as  has  been  described  for  potash- 
■alCs  (p.  8),  an  intense  yellow  colour  is  imparted  to  the  flame 
of  alcohol.  Even  very  small  quantities  of  soda  will  produce 
this  effect,  and  this  particular  hue  is  not  altered,  though  con- 
siderable quantities  of  a  potash-salt  be  added. 

In  8oda*salts,  which  are  soluble  in  water,  soda  may  be  dis- 
tinguished from  potash  in  the  same  manner  as  for  pure  soda. 
The  best  criterion  by  which  these  salts  may  be  distiuguislicd  in 
the  solid  state,  consists  in  the  intense  yellow  colour  which  they 
communicate  to  the  exterior  flame  of  the  blow-pipe.  Even 
when  the  soda^salt  is  mixed  with  a  potash-salt,  the  exterior 
flame  assumes  nevertheless  the  characteristic  yellow  colour,  only 
if  the  quantity  of  the  potash-salt  be  considerable,  this  yellow 
colour  of  the  flame  is  less  intense.  1£  chloride  of  sodium  be 
mixed  with  enough  chloride  of  potassium  to  form  only  a 
twenty-fifth  or  a  thirtieth  part  of  the  whide  mass,  the  reaction 
of  the  potash,  according  to  Kobell,  disappears,  and  the  yellow 
flame  of  the  soda  alone  appears. 

*  Soda-salts  behave  like  potash-salts  when  heated  to  redness, 
exeept  that  chloride  of  sodium  is  less  volatile  than  chloride  of 
potassium,  and  iodide  of  sodium  loses  a  little  iodine  by  the 
action  of  a  red  heat. 

AlmoHt  all  neutral  soda-salts  crystaUised  efilorcscc  in  the  air 
when  they  contain  water  of  crystaUisation,  which  is  the  case 
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with  most  of  them'.  This  phenomenon  is  exhibited  parti- 
cularly with  sulphate,  phosphate,  arseniatej  and  carbonate  of 
soda;  borate  of  soda  does  not  show  this  sensibly.  Nitrate  of 
soday  chloride  and  fluonde  of  sodium  axe  not  efflorescent^ 
because  they  contam  no  water  of  crystaUisation. 

*  Tlie  crystalline  fonn  of  soda-salts  is  often  resorted  to  as  a 
means  of  distin punishing  inconsiderable  portions  of  soda  from 
potash-salts.  Kitrate  of  soda  crystallises  in  rhomboids,  which 
are  not  efflorescent,  as  we  have  just  said;  the  crystals  of  car* 
bonate  of  soda  have  a  tabular  form*  and  are  efflorescent, 
whilst  carbonnte  of  potash  is  deliquescent.  Chloride  of  sodium 
cannot  be  distinguished  firom  chloride  of  potassium  by  the 
forms  of  its  crystal ;  both  are  cubes  \ 

Amongst  the  solutions  of  neutral  salts  of  soda,  those  of 
sulphate  and  of  nitrate  of  soda,  of  chloride,  bromide,  and  iodide 
of  sodium,  have  no  action  upon  litmus  paprr ;  solution  of  phos- 
phate, of  arseniate,  of  borate,  and  of  carbonate  of  soda,  of  fluo- 
ride, and  of  sulphuret  of  sodium,  change  reddened  litmus  paper 
into  blue. 

Soda  forms  soluble  salts  with  nearly  all  adds;  a  few  only  peld 

salts  insoluble,  or  very  sparingly  soluble,  in  water.  In  these 
latter  salts  the  presence  of  soda  is  quite  as  difficult  to  detect  as 
that  of  potash  in  salts  of  the  same  description.  The  acids 
which  thus  produce  insolnble  or  sparingly  soluble  salts  with 
soda,  are  almost  the  same  as  those  which  form  the  like  salts 
with  potash.    They  have  been  enumerated  page  9. 

>  If  diyoMstiowdAis  leftexpoaed  to  llieair,H  deliqtmw  «t  flzii^  tmt  after 
a  few  dbji  it  beeomes  diy  i^un;  an  alllBet  iHiidi  does  not  talw  plaee  with  potadi, 

except  aftor  many  months*  exposure.  Tliis  differenoe  ii  <nrfqg  to  liiu  dramutaiMe^ 
tliat  soda  produces  witli  carbonic  acid  a  dry  efflorafloent  tol^  wllflflt  tlie  aalt  Hiifh 

poUisli  forms  with  that  aci<l  is  a  delitjuesccnt  ono,  which  in  course  of  hciconifa 
converted  into  a  dry  bicarbonate  which  is  not  dcliqut  sn  iit.— En. 

•  The  naual  fcnn  of  carbonate  of  soda  is  a  rhombic  oct&liedrou,  the  acate  angles 
of  whidi  are  tmneatod. — En. 

'  Thiaia  only  the  caae  with  ehioirido  of  aodinm  wban  tha  aolatkm  ia  left  torn- 
porate  spontaneously  in  the  air,  in  which  oaae  aolii  onbea  an  obtomad ;  hut  whan 
they  arc  procnrpd  by  boiling  tlie  solution  so  as  to  concentrate  it,  tlie  form  of  the 
crystal  of  cliloridc  of  sodium  is  a  hollow  rmadrilateral  pjTamid.  Cltloride  of  pot- 
assium crystallises  in  cubes,  and  botli  chlorides  are  anhydroua.— £0. 
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In  solutions  of  aoda-salts,  the  presence  of  soda  may  be 
principally  detected;  because,  after  having  ascertamed  that  an 
alkali  is  present,  chloride  of  phtinum  and  tartaric  add  pro- 
duce no  reaction  in  that  solution';  but  the  best  test  for  soda, 
when  the  substance  can  bo  obtained  in  the  solid  state,  is  the 
yellow  colour  which  it  communicates  to  the  flame  of  the  blow- 
pipe. If  .  it  be  presumed  or  supposed  that  a  solution  contains 
both  potash  and  soda  simultaneously,  a  smaU  portion  is  first  to 
be  tested  with  chloride  of  platinum ;  when  the  conviction  has 
thus  been  acquired  that  potash  is  either  present  or  absent, 
another  portion  of  the  solution  is  to  be  evaporated  to  dryness, 
and  the  residuum  is  to  be  tried  before  the  blow-pipe.  If 
chloride  of  platinum  have  indicated  the  presence  of  potash  in 
the  solution,  and  if  the  exterior  flame  of  the  ])low-pipe  acting 
upon  the  evaporated  residuum  be  violet  or  puii)le  coloured,  the 
solution  contains  potash  only;  but  if,  on  the  contrary,  the 
exterior  flame  of  the  blow-pipe  be  coloured  yellow  by  this  resi- 
duum, we  may  conclude  that  both  potash  and  soda  exist  in  the 
solution. 

*  In  performing  these  experiments,  we  must  not  forget  that 
sometimes  the  wire  of  platinum  alone  may  communicate  a 
yellowish  hue  to  the  flame  of  the  blow-pipe,  which  may,  however, 
be  easily  distinguished  from  that  produced  by  soda^^ts.  This 
feeble  colouring  which  the  platinum  wire  imparts  to  the  flame 
takes  place  when  it  has  boon  damped  by  the  perspiration  from 
the  hands  of  the  operator  or  his  saliva,  previous  to  making  use 
of  it.  It  would  appear  that  in  such  cases  the  chloride  of  sodium 
contained  in  these  liquids  is  the  cause  of  that  phenomenon. 
Should  the  case  offer  itself  when  the  operator  should  be  unde- 
cided as  to  whctlicr  the  yellow  tint  in  question  is  due  to  the 
presence  of  a  soda-salt  or  to  another  cause^  heating  a  soda-salt, 
and  preferably  to  any  other  the  chloride  of  that  base,  upon  a 

I  TliiBWftii^gttkiTOproor;1iatthQiiMftpv«dpiliitelMf^^      llMftddilioB  of 

ddoride  of  potaesium  or  of  turtarie  Mid,U  mint  mot  be  forgotten  that  ammonia  and 
ammoniacal  salto  yield  a  predj^te  similar  to  that  produced  in  potash  solutionsy 
and  oonaeqiMotly  the  abaenoe  of  aiiiim»ua  and  ita  aalta  should  first  be  proved. — Ed, 
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platinum  wire  by  the  flame  of  the  blow-pipe,  would  by  contrast 
show  the  difference  which  exists  between  the  yellow  colour 
piroduoed  by  the  salt  and  that  which  might  come  from  the 
platiniim  wire  alone^  or  from  other  causes. 

In  order  to  detect  soda  or  soda-salts  m  solutions  which  contain 
much  organic  matter,  the  following  course  should  be  adopted. 
The  solution  is  to  be  evaporated  to  dr^mcss  and  then  carbonisedj 
when  the  lesidunm  is  abundant,  in  a  hessian  crucible,  or  else 
In  a  platinum  crucible,  which  is  otherwise  preferable;  but 
whatever  crucible  is  made  use  of,  the  heat  should  not  be  too 
strong.  The  carbonised  mass  is  then  to  be  treated  by  water 
or  muriatic  acid,  and  the  whole  being  thrown  on  a  filter,  the 
presence  of  soda  may  be  detected  by  the  re-agents,  and  in  the 
manner  above  spoken  of,  either  in  the  filtered  liquid  or  if 
evaporated  to  drj'uess  in  the  residuum  left  atitr  its  evaporation. 
When  an  organic  matter,  either  solid  or  in  a  pasty  state,  is 
supposed  to  contain  much  soda,  it  is  also  to  be  burnt,  and  the 
carbonised  mass  is  to  be  treated  in  the  same  manner*. 

>  BeaMM  ilw  m-agento  aboro  niMitiooed,  Ifaera  is  aootfiar  eompomid  mrliieh  bas 
lately  been  nooouiMildad  for  testing  wodtu  It  is  atUimoniaU  of  potcuL  Except 
this  re-agcnt,  there  is  no  other  substance  known  capable  of  producing  a  precipitate 
in  moderately  dilute  solutions  of  that  base.  By  pouring  a  solution  of  tlie  above 
salt  in  the  liquid  tested  fir  soda,  a  crystalline  precipitate  is  thrown  down  if  that 
base  be  present.  This  precipitate  takes  place  immediately  in  concentrated  solu- 
tioosi  but  in  dibite  oofls  it  does  not  appear  except  after  aonM  time^  and  by  etirriQg 
tbe  mixtaro  briskly,  tiie  formalion  of  tbe  precipitate  is  proniolsd.  In  order,  how- 
ever, to  obtain  tho  cbsrseteristie  erystalluie  prscipitate  of  antimooiate  of  soda,  it  is 
altogetlier  necessary  that  there  dioald  be  no  other  bases  present  in  tho  solution  to 
be  tested.  This  test  can  therefore  be  resorted  to  only  to  dij^tinguish  soda  from 
potash,  or  their  respective  salts  from  one  another.  The  formation  of  this  preci- 
pitate is  not  interfered  witli,  according  to  Dr.  FreseniuH,  by  neutral  salts  of  potash, 
except  the  carbonate  of  tliat  base,  which  eitlier  prevents  or  retards  it  aoeording  to 
the  pvoporlion  bi  which  it  exists  hi  the  compound.  When  therefore  the  sohition  to 
be  tosted  for  contsins  csibomts  of  potash,  it  should  first  be  trsated  by  mnriatie  or 
eci  tic  ariil,  so  that  it  should  bo  only  feebly  alkaline  before  testing  witli  antimoniate 
of  potash.  If  the  solution  be  acid,  it  should  first  be  brought  to  tlie  neutral  state  by 
addition  of  potash,  otherwise  the  re-agent  being  decompos>od  would  be  precipitated  in 
the  shape  of  hydrated  antimonic  acid,  or  of  l»iantiTiu)niate  of  potash  [KOSb^  ^»oJ» 
Salts  of  ammonia  are  also  precipitated  by  antimoniate  of  potash* — En. 
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3.  LITHTA,  LiO. 

(HTDRATE  OF  LITIIIA.] 

FmuB  lithia  is  a  wlute  and  cxyBtaUme  Babstanoe,  difficultly 
•ohible  in  water,  and  it  does  not  deliquesce  by  exposure*.  It 

fuses  at  a  low  red  heat. 

Solutions  of  the  salts  of  lithia,  which  are  soluble  in  water, 
behave  with  le-agents  in  the  following  manner : — 

A  concentrated  solution  of  caebonatv  or  soda  does  not  pro- 
duce an  immediate  precipitate,  even  wben  the  solution  of  the 
salt  of  lithia  is  very  strong,  but  after  a  long  time,  a  small  and 
granular  precipitate  of  carbonate  of  lithia  is  gradually  formed. 
This  precipitate  is  of  difficult  solution. 

A  solution  of  fhosphatb  of  soda  (phosphate  MMfi^tie)  does 
not  produce  any  precipitate,  even  after  a  long  time,  in  solutions 
of  salts  of  hlhia.  Yet,  if  ammonia  be  then  added,  an  abundant 
precipitate  is  produced  shortly  after.  If  the  whole  be  made  to 
boil  before  adding  the  ammonii^  a  precipitate  is  produced 
which  is  a  double  phosphate  of  soda  and  lithia  (phosphate 
sodico-lithique) ,  When  the  solution  of  a  salt  of  lithia,  to 
which  solution  of  phosphate  of  soda  has  been  added,  is  eva- 
porated, the  liquid  becomes  turbid  whilst  the  evaporation  is 
going  on ;  but  if  the  mixture  be  evaporated  to  dryness,  and  the 
residuum  treated  with  water,  there  remains  an  insoluble,  or 
sparingly  soluble  double  salt  of  phosphate  of  soda  and  Uthia. 

A  solution  of  phosphate  op  potash  {phosphate  potassique) 
does  not  produce  any  precipitate  either,  even  after  a  very  long 
time,  in  solutions  of  salts  of  lithia^  and  though  the  mixture  be 
made  to  boO.  If  the  liquor  be  evaporated  to  dr3mess,  the  dry  resi- 
duum is  completely  redissolved  by  the  addition  of  water.  Yet, 
if  after  ha^ing  poured  a  solution  of  phospliate  of  potash  in  that 
of  a  salt  of  lithia,  ammonia  be  then  added,  an  abundant  pred- 
pttate  is  produced  shortly  after. 

>  Hydrate  of  litlii%  by  exposure,  bMomes  oooTcrtod  into  CKrbonftlo  of  litfafa^ 
wludi  io  madi  more  inwiluMe  stiU,  and  in  dint  ttntoit  h  opaqno.— En. 
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An  excess  of  a  solution  of  tartaric  acid  poured  in  even 
very  strong  aolutions  of  salts  of  Uthia,  does  not  produce  any 
precipitate. 

A  solution  of  oxalic  acid  produces  no  precipitate  either. 

Hydrofluosilicic  acid  yields,  with  solutions  of  salts  of 
lithia,  a  white  precipitate  of  silicofluoride  of  lithium 

Solution  of  BICHLOBIDB  OF  PLATINUM  renders  the  alcoholic 
solutions  of  salto  of  lithia  somewhat  turbid,  but  this  turbidness 
is  80  sUght  that  it  can  hardly  be  seen.  If  the  solution  be  at 
all  dilute,  not  the  least  turbidness  can  be  distinguished. 

Solution  of  SULPHATE  OP  ALUMINA  uiixcd  with  concentrated 
solutions  of  salts  of  lithia  does  not  deposit  any  crystals,  even 
though  the  precautions  which  it  is  necessary  to  take  in  such 
cases,  and  which  are  the  same  as  ftw  operating  upon  salts  of 
potash  (page  7)  are  obsened. 

*  Solution  of  CARBAZOTic  acid  produces  in  solutions  of  salts  of 
lithia  a  precipitate  of  carbasotate  of  lithia  (nUro-picrale  liihique) 

sparingly  soluble. 

*  Solution  of  FBBCHLOBic  ACID  has  no  effect  upon  solutions 

of  salts  of  lithia,  except  the  solution  of  the  salt  be  very  strong, 
and  then  by  the  addition  of  water  the  precipitate  disappears. 

Before  the  blow-pipb  lithia  can  very  easily  be  detected  in  its 
salts.  When  fused  upon  the  bent  end  of  a  platinum  wire,  if  the 
point  of  the  interior  flame  be  directed  upon  a  fused  bead,  the 
exterior  flame  assumes  a  fine  very  deep  carmine  red  tinge*. 
Chloride  of  lithium  is  of  all  the  salts  of  lithium  that  which 
manifests  this  phenomenon  in  the  most  striking  manner'. 

*  This  silico-flimridft  of  lifbiuin,  accordmg  to  Bor/.oVms,  is  diffieollljr  solllble  in 
water,  but  bocomoH  more  so  by  the  addition  of  an  acid,  and  evaporation  causes  it 
to  crystalliso  in  small  grains,  which,  viewed  tiirough  tlie  microscope,  are  six-sided 
prisms.  When  held  for  a  long  time  in  the  mouth  it  has  a  aouriah  taste.  It  fuses 
ftt  ft  nd  hM,  bat  dbatiutely  retains  the  auoride  of  sUiciam^En. 

*  Tnnwr  has  ahown  ilial  On  MMtkm  oui  be  prodoood  with  liBMrtM  of  Udimy 
by  fusing  this  nOt  witb  «  mixtme  of  1  put  of  floor  qpor  in  fine  powder,  and  li  of 
sn1i<h.ito  of  ammonia  or  of  bisulpliate  of  potash.  When  the  aelt  ie  aeed* 
tlie  flame  is  at  firnt  gromish,  and  then  red.— En. 

'  Chloride  of  strontium  gives  also  a  carmine  red  colour,  antl  so  do  tlie  stilts,  of 
lime.    Chloride  of  strontium  can  however  be  distinguished,  because  when,  by  being 
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If  the  salt  of  lithia  he  mixed  with  a  potash-salt,  the  red  tinge 
oiil\-  b  observable,  and  this,  of  course,  prevents  the  use  of  the 
blow-pi  pc  as  a  means  of  detecting  potash,  even  when  the  quan- 
tity of  this  base  exceeds  that  of  lithia.  If,  on  the  contraiy,  the 
salt  of  lithia  under  examination  be  mixed  with  a  soda-salt,  the 
reaction  of  the  soda  alone  is  manifested,  even  though  the 
quimtity  of  the  hthia  predominates ;  that  is  to  say,  the  exterior 
flame  is  yellow  only.  The  same  thing  occurs  also  when  the 
aalt  of  lithia  contains  at  the  same  time  potash  and  soda-salts. 

*  Heated  to  redness,  the  behaviour  of  the  salts  of  lithia  is  the 
same  as  with  those  of  potash  and  soda.  Chloride  of  litliium  is  a 
little  more  volatile  than  chlonde  of  sodium,  but  less  so  than 
chloride  of  potassium.  It  is  also  to  be  remarked,  that  when 
heated  to  redness  and  kept  for  a  long  time  at  that  temperature 
in  contact  with  the  air,  a  small  portion  of  it  is  decimiposed, 
and  produces  a  little  carbonate  ot  lithia  . 

Salts  of  lithia  fuse  at  a  lower  temperature  than  the  corre- 
sponding potash  and  soda-salts. 

*  Many  of  the  salts  of  lithia  are  deliquescent,  some  of  them 
extremely  so,  a  proper^  which  may  serve  to  distinguish  them 
from  potash  and  soda^salts.  The  most  deliquescent  of  all  is 
chloride  of  lithium'.  Nitrate  of  lithia  deliquesces  also  by 
exposure,  but  sulphate  of  lithia  is  not  deliquescent. 

Solutions  of  salts  of  lithia  behave  with  litmus  paper  as  the 
corresponding  salts  of  potash  and  soda. 

* 

Imtod  a*  die  pofot  oT  the  iotsrior  flame  whibtheld  tliefeiii»fbi«epe  withplatiiiniii 

points,  the  exterior  flame  becomes,  it  is  true,  tinged  with  a  deep  carmine  red 
colour;  but  tliis  tn kos  place  only  rit  the  beginning,  for.  after  the  salt  has  fused  not  a 
vestige  of  tlic  red  colour  can  be  seen  any  longer,  whilst  witli  chloride  of  lithium  the 
red  colour  remains  permanently  visible.  The  carmine  red  oolour  given  hy  chloride 
of  lime  ie  leM  deeided,  and  once  fused  all  colouring  of  the  flame  disappears. — Ed. 

■  Moat  neotnl  and  aohble  aalta  of  Hdda  are  not  deoompowd  bj  being  heated  to 
lodDeaa  ont  of  the  eontaet  of  the  air.  Nitiate  of  IMiia,  however,  wfaieh  ia  a  neutral 
defiqoeaoent  aalt,  is  decomposed  by  heat.  Platinum  b  attacked  by  lithia  and  its 
carbonateajthcfeCnre  when  it  reqnkea  to  be  mdted,  a  aihrer  cm^iile  ahoold  be  naed. 
—Ed. 

*  Chloride  of  Uthium  is  soluble  in  alcohol,  n  property  which  may  serve  to  separate 
it  from  chloride  of  potassium  and  sodium. — £p. 
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Alcoholic  solutions  of  salts  of  litliia  burn  with  a  flame  of  a 
fine  carmine  red  colour.  The  salts  of  lithia,  which  are  insoluble 
in  alcohol^  give  this  colour  to  the  flame  of  alcohol  only  when  it 
is  poured  on  theb  powder,  and  the  whole  stirred  with  a  glass 
rod,  or  else  when  the  alcohol  is  nearly  all  burnt  out. 

Lithia  forms  insoluble  or  spariufjlv  soluble  salts  with  the 
same  acids  which,  by  uniting  with  pot.-ish  or  soda,  form  salts  of 
a  ^m^lftf  nature,  and  its  presence  in  these  combinations  may  he 
detected  in  the  same  manner  as  that  of  potash  in  the  cor- 
responding potash-salts  (page  9).  Lithia  gives,  however,  with 
certain  ai  salts  which  are  insoluble  or  sparingly  soluble,  and 
which  with  potash  and  soda  form  very  soluble  salts,  such  as,  for 
instance,  carbonic  acid,  and  above  all  phosphoric  acid,  when 
soda  is  present  at  the  same  time.  Lithia  is  of  difficult  detection 
in  the  double  phosphate  of  soda  and  lithia.  This  salt  fuses 
before  the  blow-pipe,  but  more  easily  when,  after  haying  pre- 
viously been  mixed  with  soda,  it  is  heated  on  the  bent  cud  of  a 
platinum  wire,  or  on  platiuum  foil.  The  fused  mass  is  clear, 
but  on  cooling  it  becomes  cloudy  and  crystalline.  When  this 
double  salt  is  heated  upon  charcoal,  it  is  absorbed.  The  earthy 
phosphates,  as,  for  exam])le,  phosphate  of  lime  and  of  magnesia, 
which  might  be  mistaken  fur  the  double  salt  in  question,  do  not 
fuse  with  soda  upon  the  wire  or  the  foil  of  platinum.  If  a  very 
great  excess  of  soda  has  been  employed,  the  whole  fuses,  it  is 
true,  but  the  earthy  phosphate  may  be  peifectly  distinguished 
in  the  fused  mass  in  an  undissolved  state.  If  the  mixture  be 
fused  with  soda  upon  charcoal,  the  earthy  salts  are  left  upon  the 
charcoal,  whilst  the  soda  is  absorbed 

'  M.  Stein  {Jourmil  fr,r  pr.  Chnn'tc)  snys  that— "  A  vcrj-  Kmall  «iuaiitity  of 
chloride  of  Uthiiim  can  easily  be  detected  in  chloride  of  sodium,  by  fusing  the  mixture 
of  the  two  chloxidet  upon  the  bent  end  of  a  platinum  win  in  the  flame  of  the  Wow- 
pipe,  plunging  Hw  melted  masB  in  tellow,  «nd  eabaeqMBtiy  lifting  it  If  llm  ia 
not  too  small  a  proportion  of  lithinm,  lira  red  qfwriding  whidb  dnmeteriBee  litUnm 
nay  be  perceived  on  the  edge  of  the  flame, bat  the  colour  becomes  more  ohsorvaMe 
precisely  when  the  flame  is  ab<»\it  lieiiig  extiiipruished.  This  sparkling  is  very  dis- 
tinct and  fine  witli  1  per  cent  of  lithium,  and  may  still  be  seen  with  tV>  pc'  cent." 
-Ed. 
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Lithia  is  principally  to  be  detected  in  solutions  of  salts  of 
lithia,  because  if  it  is  ascertained  that  an  alkali  exists  in  the 
Hqniii  operated  upon,  the  additioii  of  carbonate  of  potash,  or  of 
aoda,  does  not  form  a  precipitate  in  solutions  of  salts  of  litliia, 
unless  they  be  very  strong  [in  whicli  case,  after  long  standing,  a 
white  precipitate  appears.  Ed.]  Also,  because  solutions  of  tartaric 
acid  and  of  chloride  of  platinum  do  not  produce  any  precipitate 
or  torbidness,  which  character  distingnidies  lithia  tmm  potash  *, 
and  lastly,  because,  if  the  liquid  be  mixed  with  a  solution  of 
ammonio-phosphate  of  soda,  an  abundant  precipitate  is  formed, 
after  standing  a  short  time,  which  character  distinguishes  Hthia 
espedally  6-om  soda,  but  from  potash  also.  Its  behaviour  befoie 
tiie  blow-pipe  is  Ukewiie  sufficient  to  dtstingnish  lithia  firom  the 
other  alkalis. 

4.  AMMONIA,  NH.. 

Pl  RK  ammonia  dissolved  in  water  has  a  peculiar  penetrating 
odour,  too  cliaractcristic  to  be  mistaken.  If  the  quautity  of  free 
ammonia  contained  in  water  is  so  feeble  that  its  presence  cannot 
be  detected  by  the  smell,  it  can  readily  be  shown  to.  exist  by 
holding,  at  the  turfaoe  of  the  liquid,  a  piece  of  moist  reddened 
litmus  paper,  or  u  ^^lass  rod,  wetted  with  pretty  strong  but  not 
fuming  muriatic  acid;  in  the  first  case,  the  blue  colour  of  litmus 
paper  is  restored ;  in  the  second,  a  white  cloud  is  formed  abore 
the  Hquid,  even  if  the  quantity  of  the  ammonia  is  exceedingly 
minute.  If  this  quantity  be  more  considerable,  so  that  the 
smell  may  in  some  measure  indicate  its  presence,  the  cloud  is 
thicker,  and  ronscquently  more  visible.  The  prlass  rod  may  be 
moistened  with  nitric  or  with  acetic  acid,  but  muriatic  acid  is  a 
more  delicate  test. 

Aqueous  solutions  of  ammoni%  or  liquid  ammonia,  as  this 
solution  is  called,  has  a  very  caustic  taste.  When  concentrated, 
it  dissolves  the  skin  of  the  tongue,  and  acts  powerfully  on 
reddened  litmus  paper,  which  becomes  of  a  deep  blue.  When 
k^  in  gbss  botUes  which  are  not  perfectly  stopped,  a  small 
quantity  becomes  in  course  of  time  converted  into  carbonate  of 
amrnonia. 

c  2 
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A  solution  of  chloride  of  platinum  hchavcs  with  solution 
of  ftTnT"ft«'«^  exactly  as  with  solution  of  potash  (page  4).  The 
precipitate  which  is  thus  produced^  and  which  is  an  ammonio- 
chloride  of  platintun,  very  much  resemhles  that  which  the  same 
re-agent  produces  in  solutioiis  of  potash  and  of  potash-salts  (see 
the  note  fit  pag;e  4). 

Concentrated  solution  of  tartaric  acid  produces  in  concen- 
trated  solutions  of  ammonia  a  crystalline  precipitate  which  is 
a  bitartrate  of  ammonia.  If,  on  the  contrary,  the  solution 
of  ammonia  be  a  dilute  one,  no  precipitate  appears.  This 
precipitate  is  much  more  soluble  in  water  than  bitartrate  of 
potash'. 

A  solution  of  sultuate  of  alumina  behaves  with  solution  of 
anmionia  in  the  same  manner  as  with  solution  of  .potash ;  and 
the  crystals  of  alum  produced  have  absolutely  the  same  ibrm 
as  tliose  of  potash-alum  (see  the  note,  page  3). 

Solution  of  CAKBAZOTic  ACID  [acidt  nitropicrique)  produces  no 
precipitate  in  nmmoniacal  solutions,  provided  they  be  not  very 
concentrated  \ 

Hyobopluosilicic  Acin  poured  in  solution  of  ammonia  pro- 
duces an  abundant  precipitate  of  silicic  add,  provided  a  small 

quantity  only  of  tlic  acid  be  poured  in,  so  as  to  leave  some 
ammonia  in  excess,  for  otherwise  no  precipitate  is  formed. 

*  Solution  of  PERCHLORIC  ACID  {actde  oxychUnique)  produces 
a  precipitate  only,  if  the  solution  of  ammonia  is  very  strong. 

The  presence  of  ammonia  in  the  ammoniacal  salts  which  are 
soluble  in  water,  most  of  which  are  inodorous,  and  amongst 
which  a  few  only  emit  a  smell  resembling  that  of  free  auimonia, 
may  be  recognised  by  means  of  solution  of  chloride  qf  platinum 

'  nitnrti-nte  of  potnsh  requires  95  parte  of  water  at  fiO'  Fohr,  and  15  parts  at 
212°  Fahr.  for  its  solution.  Before  employing  chloride  of  platinum  and  tartaric 
mU  M  ve-agento  for  ammonia,  it  is  of  course  necessary  to  make  sure  tliat  the 
liquia  Mbmitted  to  Mttlyaii  does  not  oontein  potedi,  the  veMCkn  of  «Imw  tMto 
wiih  Mmnonift  ud  potMh  being  Teiymndi  aUke^aa  we  haT»  aaid  belbM  (paga  6), 
This  remark  applies  also  to  the  emplo^inent  of  sulj-lmtr  of  alumina.— Ed. 

'  In  very  concentrated  solutions,  long  flattened  bnlliaiit  yellow  erystala  of  Car- 
bazotate  of  ammonia  fall  down,  which  are  verjr  soluble  in  water. — E>t>. 
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aad  of  Miip/uUe  qf  alumina,  just  as  for  the  purpose  of  detecting 
the  oonretpondmg  salts  of  potash^  (page  5).  An  excess  of 
ivimne  add  poiured  in  concentrated  aolutunis  of  ammoniacal 
nhs,  sometimes  produces  a  precipitate  much  less  considerable 

than  the  one  formed  by  the  same  rc-afrciit  in  the  corrcspouding 
potash-salts,  but  sometimes  also  no  precipitate  whatever  appears. 
Carbazoiic  acid  behaves  in  the  same  manner.  Mydrofluoailicie 
and  pereklorie  aeidi  produce  no  precipitate  in  solutions  of  ammo- 
niacal salts,  unless  these  solutions  be  very  concentrated. 

*  When  ammoniacal  salts  are  treated  with  dilute  alcohol  in 
following  the  directions  which  have  been  given  for  potash-salts, 
(page  S),  thej  communicate  a  blue  or  violet  colour  to  the  flame 
of  the  alcohol,  similar  to  that  which  salts  of  potash  produce 
under  the  same  circumstances  ;  vet  the  flame  becomes  of  a 
pure  yellow  colour  by  the  addition  of  a  minute  quantity  of  a 
soda^-salt. 

Almost  all  ammoniacal  salts  may  be  completely  volatilised  by 
heat.  Hie  sulphate,  nitrate,  arseniate,  and  carbonate  of  ammo- 
nia, also  the  ammoniacal  chloride,  bromide,  iodide,  fluoride,  and 
hydrosulphuret,  are  volatilizable  without  residuum.  Carbo- 
nate and  muriate  of  ammonia  are,  however,  the  only  salts  of  that 
aeries  which  are  vohitihzable  in  contact  with  air  without  under- 
going decomposition.  The  phosphate  and  the  borate  of  ammo- 
nia lea\  e  a  residuum  of  phosplioric  and  of  boracic  acids  when 
heated  in  glass  vessels.  Hydrofiuate  of  ammonia  {fluorure 
ammamgve),  when  heated  in  glass  vessels,  has  a  powerful  action 
upon  them,  and  is  completely  volatiliaable  in  platinum  vessels 
onty. 

When  dry  aramoiiiacal  salts  arc  triturated  in  conjunction  with 
alkalies  or  alkaline  earths,  the  peculiar  and  well-known  odour 
of  ammonia  is  evolved carbonates  of  alkalies  and  of  alkaline 
earths  produce  the  same  effect,  except  that  the  odour  of  ammonia 
is  weaker.   Alkalies  and  alkaline  earths,  either  pure  or  in  the 

>  Tbf  addition  of  ft  UtUe  water  wbilfit  triuirating,  favoors  the  disengagement  of 
ammonia. — Ed. 
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state  of  carbonates,  disengage  also  the  smell  of  ammonia  from 
the  ammoniacal  solutioiis  with  which  they  may  be  mixed.  If  the 
qufliitity  of  ammonia  contained  in  these  solutionB  be  too  minute 
to  he  perceptible  hj  the  smell,  a  glass  rod  moistened  with  muri- 
atic acid,  pretty  strong  but  not  fuming,  is  to  be  held  at  the 
surface  of  the  liquid  thus  mixed  with  the  alkali,  or  the  alkaline 
earth,  when  white  fumes  will  immediately  be  observable ;  exceed- 
ingly slight  traces  of  ammonia  mi^  thns  be  rendered  apparent. 

*  Extremely  minute  quantities  of  ammonia  may  be  detected  in  a 
solid  combination  by  triturating  it  rapidly  with  hydrate  of  puta-sh 
previously  pulverised,  heatiug  the  mixture  in  a  glass  tube  closed 
at  one  end,  or  in  a  small  beaker  glass,  and  holding  a  piece  of 
slightly  reddened  litmus  paper  (moist),  which  wiU  reooTer  its 
blue  colour  if  any  ammonia  be  present  \  This  experiment  may 
be  modified  by  drawing  the  tube  to  a  point,  and  plunging  it  in 
a  vessel  containing  a  dilute  solution  of  subnitrate  of  mercuiy 
{nUrate  mercureiuf) ;  the  least  quantity  of  ammonia^  if  pre- 
sent, will  turn  it  black.  It  is,  howeyer,  necessavy  to  prevent 
any  potash  from  passing  over  in  the  solution  of  the  subnitrate  of 
mercury,  because  it  would  also  turn  it  black ;  wherefore,  if  the 
ammonia  can  be  disengaged  from  the  substance  under  examina- 
tion, by  applying  only  the  red  heat,  it  is  better  not  to  use  the 
potash  at  all. 

Ammonia,  like  the  other  alkalies,  forms  with  certain  acids, 

salts  Mliicli  are  insoluble,  or  sparin<,dy  soluble  in  water.  It  is, 
however,  sufHcieut  to  submit  those  combinations  to  a  red  heat 
to  detect  the  presence  of  ammonia,  for  that  heat  drives  it  off. 
In  order  to  detect  dearly  the  presence  of  ammonia  in  such  com- 
pounds,  a  small  jiortion  of  the  substance  is  to  be  placed  at  the 
bottom  of  a  tube  closed  at  one  end,  and  if,  whilst  it  is  submitted 
there  to  a  red  heat,  a  glass  rod  moistened  with  muriatic  acid  be 
h^d  at  the  orifice,  the  characteristic  white  fames  will  appear,  or 


'  Instead  of  moi^t  I'eddened  litiuus  paper,  ft  g^tn  rod  wetted  witii  muiiatic'acid, 
held  over  the  ^um  eontaiiiiiig  Htm  hftMi  mlsliin^  will  give  widte  ftunea  if  my 
mnnuniia  be  preeenk^ED. 
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if  a  piece  of  moist  reddened  litmus  paper  be  employed  instead^ 
it  will  be  tnnied  blue  \ 

The  moot  chancterutic  testa  for  ammoma  ^in  anmumiacal 
alts  ia  the  smell  of  ammonia,  which  caustic  potash  (or  soda) 
di5enga<ires,  [more  especially  if  heat  bo  applied.  Ed.]  ;  this  reac- 
tion distiagiiishcs  it  readily  irom  the  other  alkalies;  bichloride 
of  fdatiinim  and  sulphate  of  alumina  ghing  with  potash  piecipi« 
tatei^  which  most  cilosefy  resemUe  those  produced  in  ammoniacal 
Mentions,  may  be  mistaken  for  that  base  *. 

When  free  ammonia  is  found  mixed  with  much  organic  matter 
in  solutions  or  in  pasty  masses,  the  odour  emitted  at  once 
bespeaks  its  presence ;  when,  however,  ammoniacal  salts  exist  in 
the  miztorey  the  solution  or  pasty  mass  is  to  be  treated  by  a 
concentrated  solution  of  potash,  and  the  whole  being  heated,  the 
ammoniacal  smell  is  disengaged.  The  process  is  the  same  when 
ammoniacal  salts  are  mixed  with  dry  organic  substances.  If  the 
sototioii  under  examination  be  too  dilute^  it  must  be  oonoen- 
tnted  by  eraporafcion  before  treating  it  with  potash*. 

5.  BARYTA,  BaO. 

Purl  bai*yta  has  a  greyish-white  colour,  and  is  very  ca.sy  to 
pulverise.  When  water  *  is  poured  on  it,  it  absorbs  it,  heat  is 
evolTedy  and  it  crumbles  down  into  a  white  powder  (hydrate  of 
baryta).  More  water  converts  it  into  a  white  crystalline  mass, 
which,  when  &e  baryta  is  pure,  is  completely  soluble  in  hot 
water  ".  A  concentrated  solution  of  that  substance  in  boiling 
water,  deposits  on  cooling,  cr}'stals  of  hydrate  of  baryta,  provided 
the  access  of  air  be  excluded Solution  of  baryta  has  a  canstic, 

>  Bv  mo'lcmtcly  heating  the  pspw,  fbe  fffliffo^'ft  is  Tolatiliaed,  and  the  pafier 
reaswinf  s  its  red  colour. — Ed. 

^  There  fore  it  is  well  to  make  sure  that  potash  is  not  present  before  teatioig  with 
these  re-a^uts  (see  note  1,  page  20). — Eu. 

*  An  iMolnl  MimMwhwl  mUs  hdd  water  in  comMnation ;  time  vhieli  an 
aaiijrdwnialwaji  contito  an  e^eeet  of  baeoy  Kn. 

<  Tliet>aleirawwaddeJ,nMiatof couwebe in gmaHqmaatitiee^asIn  dakinglhne  — Ep. 

*  Hydrate  of  batyta  is  soluble  in  20  parts  of  eoldandS  of  bdling  water,  according 
to  Davy.    The  vessels  iu  which  the  solution  is  operated  mast  be  well  closed. — Ed. 

*  These  crystals  are  flattened  hexagonal  prismp,  ami  cuiitain  so  much  water  of 
agrbtaiiuatioa  as  to  be  double  the  weight  of  anh^diouij  bary  ta.— £u. 
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alkaline  taste,  and  a  strong  blue  reaction  upon  reddened  litmus 
paper.  E^sed  to  the  air,  it  soon  attracts  carbonic  acid,  aud 
its  surface  becomes  covered  inth  a  pellicle  of  carbonate  of  baryta, 
which  is  insolnble  in  water,  and  gradually  fiiUs  to  the  bottom  ; 
but  as  soon  as  tliis  pellicle  falls  down,  another  forms,  and  so 
on  continually  until  the  whole  of  the  bary  ta  be  precipitated  ixa 
carbonate  of  that  base. 

Hydrate  of  baryta  is  soluble  in  a  great  quantity  of  alcohol'. 
Pure  baiyta  does  not  fose  at  a  red  heat,  but  hydrate  (kf  baryta 
does 

However  diluted  the  solutions  of  bar>^ta-salts  may  be,  when 
dilute  sulphuric  add  or  the  solution  of  a  sulphate  is  poured  into 
them,  a  white  precipitate  of  sulphate  of  baiyta  is  produced, 
which  the  addition  of  free  acid  does  not  dissolve;  for  this 
purpose  muriatic  or  nitric  add  are  prcfferable.  *  If  the  solution 
of  a  baryta-salt  contains  much  of  a  free  acid,  the  precipitate 
caused  by  sulphuric  acid  is  a  little  retarded,  but  nevertheless  it 
appears  after  a  short  tune.  It  is  only  when  the  solution  con- 
tains extremely  minute  traces  of  a  baryta-salt  that  sulphuric 
acid  does  not  immediately  manifest  the  white  precipitate  in 
question,  otherwise  it  is  instantaneous. 

*  Chromate  and  bichromate  of  potash  produce  in  solutions 
of  barytic  salts,  a  yellow  precipitate  of  chromate  of  baryta  soluble 
in  an  excess  of  nitric  add. 

Htdkoflitosilicic  acid  produces,  after  a  short  time,  a  crys- 
talline precipitate  of  silicofluoi  ulc  of  barium,  which  is  ahnost 
entirely  insoluble  in  free  muriatic  and  nitric  acids. 

*  Perchloric  acid  does  not  produce  any  precipitate  in  solutions 
of  baryta  salts. 

Solution  of  POTASH  poured  in  concentrated  solutions  of  barytic 

*  AnbTdrooB  buyte,  m  well  aa  hydrate  of  baryta,  is  rery  aohilile  m  iraod  ipirii. 
•^E.  Pbuoot. 

'  Hydrate  of  baryta  fines  at  a  aomewhat  high  tanperalnreiii  Sta  water  of  crystal- 

lizafiun,  which  gradually  evaporates,  so  tliat  ultimately  a  white  itowdcr  remains  ;  at 
a  hi^'ht  r  temperature^  howercr,  this  powder  f ufla  alao,  and  has  the  i^peanukce  of 
fused  potash.— £d. 
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salts  forms  a  bulky  precipitate  of  hydrate  of  baryta,  which  the 
addition  of  a  great  quantity  of  water  almost  entirely  dissolveSi 
provided  the  potash  made  use  of  be  iree  Gtom  carbonic  acid.  In 
tlie  cDune  of  a  little  time  the  Kquid  absorbs  carbonic  add  from 
the  air,  and  at  first  a  film  and  then  a  precipitate  of  carbonate  of 
baryta  takes  place. 

Ammonia  does  not  produce  any  precipitate  in  solutions  of 
barytic  aalts^  yet  if  ammonia  be  poured  in  the  solution  of  one 
of  these  salts  after  standing  for  some  time  (a  few  days  may  often 
be  requisite)  a  carbonate  of  baryta  is  produced  owing  to  the 
absorption  of  caiboiiic  acid  from  the  air;  this  carbonate  of  barjiia 
is  deposited  in  the  form  of  crystalline  grains,  resembling  sand, 
and  which  firmly  adhere  to  the  sides  of  the  glass,  and  which 
effervesce  and  disengage  carbonic  acid  when  a  free  add  is 
poured  upon  them.  When  the  carbonate  of  baryta  has  com* 
pletely  fallen  down,  the  liquid  contains  no  more  baryta  in 
solution,  provided  always  a  sufficient  quantity  of  ammonia  iiaa 
been  added. 

A  solution  of  cabbonatx  of  potash  produces  in  solutions  of 
barytic  salts  a  white  precipitate  of  carbonate  of  baryta,  soluble 

with  effen  escence  in  acids  if  at  all  abundant,  for  when  tlie 
quantity  is  \cry  small,  no  efTervesceTice  takes  place,  because  in 
such  a  case  the  carbonic  acid  disengaged  remains  dissolved  in 
the  liquid* 

A  solution  of  bicarbonatb  of  potash  determines  also  in  solu* 
tions  of  barytic  salts  a  white  precipitate,  which  is  only  sparingly 
soluble  in  a  great  quantity  of  water.  This  precipitate  is  soluble 
in  free  adds,  causing  at  the  same  time  a  strong  effervescence. 

A  solution  of  cabbonatb  of  ammonia  poured  in  solutions 
of  baiytic  salts  produces  a  white  predpitate  of  carbonate 
of  baryta* 

A  solution  of  PHOSPHATE  OF  SODA  produccs  in  solutions  of 
barytic  salts,  a  white  precipitate  of  phosphate  of  bar)  ta,  which 
an  addition  of  ammonia  does  not  increase^  but  which  is  soluble 
in  free  muriatic  and  nibnc  adds. 

A  solution  of  oxalic  acid  or  of  binoxalatb  of  potash  does 
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not  yield  any  precipitate  even  in  moderately  concentrated  solu.— 
tious  of  neutral  barytic  salts.  It  is  only  in  very  strong  aolutioiis 
that  a  precipitate  of  oxalate  of  baryta  is  prodnoed^  and  even  thea. 
■ome  time  must  elapse  before  it  is  formed.  But  wben  ammonia 
ia  added,  a  wbite  precipitate  of  oxalate  of  bfoyta  is  tbrowix 
down,  though  even  then,  if  the  solution  be  very  dilute,  uo 
precipitate  is  produced'. 

A  solution  of  neutral  svcciMAn  or  ammonia  immediately 
determines  the  formation  of  a  precipitate  of  succinate  of  baryta 
in  concentrated  neutral  solutions  of  barytic  salts;  but  when 
they  are  dilute  the  precipitate  fulls  only  jiftcr  standing  for  some 
time.    This  precipitate  is  soluble  in  acids'. 

*  loDATB  ov  SODA  dissolved  in  cold  water*  so  as  to  obtain  a 
concentrated  solution  of  tiie  salt,  determines  an  immediate  white 
precipitate  of  iodatc  of  Ijaryta  in  barytic  solutions. 

PlYDaosuLFHU&ET  OF  AMMONIA  (sulfhydrote  ammomgue)  does 
not  fonn  any  pvedpitate  in  solutions  of  barytic  salts. 

*  A  solution  of  FSBBOCTAKVBXT  OF  POTASSIUM — ytUoW  fTUa* 
tiaie  ofpotoBh — (cyanure  ferrosopotasnque),  after  some  standing 
produces  a  precipitate  in  moderately  concentrated,  but  not  in 
dilute  solutions  of  barytic  salts.  This  precipitate  has  a  feeble 
yeUowish-white  colour^  and  wben  the  two  liquids  are  left  for 
some  time  to  react  upon  each  other,  crystals  are  deposited 
against  the  sides  of  the  vessel.  When  the  solution  of  the 
barytic  salt  is  very  concentrated  the  precipitate  is  promptly 
formed,  and  is  a  double  combination  of  ferro-cyanuret  of  potas- 
sium, and  of  feno-CTanuret  of  barium. 

*A  solution  of  VBKBiCTANUBXT  OF  V0TA8S1VM— ferf  pTuuioie 
of  potash  {cyanure  ferricopotassiqtie),  does  not  produce  any 
precipitate  even  in  concentrated  solutions  of  barytic  salts. 

Amongst  the  barytic  salts  soluble  in  water,  resulting  fixmi 

*  Strontian  and  Una  «« likewiae  pneipilaled  by  oxalate  of  ammonia ;  flmdbr» 
the  abeencc  of  these  two  earths  should  be  ascertained  before  testing  for  baryta. — Ed. 

'  Thia  precipitate  of  modnate  of  baryta  ia  partly  polvemlent  and  pMtfy  aystal< 

line. — En. 

'  loo  ptutti  ul  wulci'  at  00  diiwolvo  7*3  of  iodate  of  aoda. — UaAXDK. 
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the  oombiiiation  of  that  base  with  inori^nic  acids^  the  chloride 
is  the  only  one  which  can  be  submitted  to  a  red  heat  in  contact 
with  the  atr^  without  vndergomg  deeomporition. 

The  neatral  aolnftions  of  barytic  nits  do  not  react  upon 
litmus  paper.  Sulphurct  of  bai'iuin,  however,  restores  the  blue 
colour  to  reddeued  litmus  paper. 

*  fiaiytic  salts  reduced  to  powder^  and  upon  which  alcohol 
ia  poued^  cornmimieitB  a  leeble  gieeniah-yeUow  tinge  to  its 
flame. 

Baryta  forms  with  most  acids — ^for  example,  sulphuric,  phos- 
phoric, arsenic,  boracic,  carbonic  acids,  &c. — salts  which  are 
insoluble^  or  almost  so,  in  water ;  nearly  all,  however^  are  soluble 
in  free  muriatic  or  nitric  adds^  except  sulphate  of  baxyt%  which 
ia  insoluble  in  them.  Wherefore  the  presence  of  baryta  may 
be  detected  in  these  add  solutions  by  the  precipitate  which 
diluted  sulphuric  acid  forms  in  them.  It  is  owing  to  this  pro- 
perty that  barj'ta  cannot  be  mistaken  for  any  other  base,  except 
etrofutiay  and  perhaps  lime  and  protozyde  of  lead.  The  barytic 
ialt8>  which  are  insoluble  in  water^  axe  not  decomposed  by  a 
red  heat* 

In  order  to  detect  baryta  in  sulphate  of  baryta,  watt  i-  is  to 
be  poured  upon  a  small  quantity  of  the  pulverized  sidt,  and  the 
whole  ia  to  be  heated  to  ebaUition,in  order  to  ascertain  whether 
the  powder  is  perfectly  insoluble  in  that  VtqpdA ;  it  is  then  to  be 
boQed  with  a  solution  of  carbonate  of  potash  or  of  soda,  and 
then  the  hquor  is  to  he  filtered ;  muriatic  acid  is  to  be  poured 
upon  the  portion  which,  after  boiling:,  has  not  dissolved,  and 
sulphuric  add  being  added  to  this  filtrred  solution,  a 
precipitate  of  sulphate  of  baryta  is  produced.  It  will  be  shown 
further  on,  how  sulphate  of  baryta  may  be  distinguished  from 
sulphate  of  strontia,  which  otherwise  behaves  exactly  as  sulphate 
of  baryta  when  boiled  with  a  solution  of  an  alkaline  carbonate. 

The  BLow-piPB  does  not  furnish  any  characteristic  reaction 
by  which  baryta  or  its  salts  can  be  distingoished  from  other 
substancee. 

♦  Yet,  before  the  blow -pipe,  sulphate  of  bar3rta  can  bo 
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distinguished  from  other  white  precipitates,  because  when  mixed 
withfluur  s{)ar  it  fuses  easily  upon  charcoal  in  a  Umpid  glass,  which, 
on  cooUng,  forms  a  white  enamel.  Sulphate  of  baiytay  howererj 
shares  this  property  with  solphateof  strontia  and  sulphate  of  lime*. 

Solutions  of  barytic  salts  may  be  distinguished  from  those  of 
allwaliue  salts,  because  sohitioii  of  curboiiatc  of  potash,  and  dilute 
sulphuric  acid,  produce  white  precipitates  in  it. 

When  barytic  salts  are  contained  in  solutions  with  much 
organic  substance,  dilute  sulphuric  acid  produces  a  white  preci- 
pitate of  sulphate  of  bary  ta,  even  in  deqify  coloured  liquids, 
pro\ided  only  they  be  previously  acidulated  with  muriatic  or 
nitric  acids.  In  order  to  ascertain  fully  the  presence  of  biu-j^ta 
in  the  precipitate  thus  obtained,  it  is  to  be  treated  in  the  manner 
which  has  been  indicated  just  above.  If  it  be  requisite  to  dis- 
coyer  the  presence  of  baryta  in  pasty  or  solid  substances,  they 
are  to  be  digested  in  water,  rendered  slightly  acid  by  nitric  acid ; 
the  liquor  is  then  to  be  filtered,  and  dilute  sulphuric  acid  is  to 
be  poured  therein.  When,  on  the  contrary,  the  sulphate  of 
baryta  is  mixed  with  organic  substances  in  either  the  pasty  or 
in  the  solid  state^  which  are  not  susceptible  of  being  dissolved 
in  pure  water,  the  best  method  is  to  heat  the  whole  mass 
gradually  and  carefully  in  a  hcssian  rnirible,  and  tlicn  to  urge 
the  fire  so  that  the  ciubou  of  the  organic  matter  reacting  on 
the  sulphate  of  baryta,  will  convert  it  into  sulphuret  of  barium :  a 
temperature  approaching  a  white  heat  is  necessary  to  operate  that 
effect.  When  the  mass  has  cooled,  it  is  to  be  boiled  with  water, 
and  the  solution  is  to  be  decomposed  by  muriatic  acid.  It  is 
then  verj'  easy  to  detect  the  presence  of  baiyta  by  means  of 
diluted  sulpluuic  acid.  Wlicn  the  organic  substances  witli 
which  the  sulphate  of  baryta  is  mixed  are  soluble  in  water,  they 

'  With  nitrate  of  oobah,  barvta,  acci  liiiir  to  Borzelius,  produces  in  fusing  a  bead 
vhich,  BO  long  as  it  is  hot,  presents  a  brown  red  or  brick-red  colour,  or  t-lso  a 
xaaty  yellov,  afleorcBng  to  the  doee  of  the  nitrate.  On  cooling,  it  loses  its  colour, 
whieh it  reMwunes  hy  Iwing  i^iin  fbaed;  and  hy  cxponn  to  tlw  air  U  u  aoon 
reduced  into  a  powder  of  a  dear  gr^  eoloor,  wbilat  atrantia  with  the  aolntioD  of 
cobalt  dcvclopes  a  black  or  grey  black  colour,  an^l  does  not  fine  like  baryta.  Lime 
being  treated  bjr  eolatioa  of  oohalt  givce  a  Uaek  or  dark  gny  iiian»  which  ia  iaftnible. 
—En. 
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miy  be  separated  by  means  of  that  solvent^  and  then  the  resi- 
dnom  is  to  be  treated  as  we  have  just  said  *• 

6.  STRONTIA,  StarO. 

Pure  strontia  resembles  baryta  very  much,  and  the  same 
remark  applies  to  the  liydrate  of  that  base.  There  is,  however, 
this  difference,  that  it  is  leas  soluble  in  water  than  hydrate  of 
baiyta^  owing  to  which  its  aqueous  sdlntion  has  a  less  caustic 
taste ;  but  in  other  respects  the  solutions  of  these  two  hydrates 
react  very  nearly  in  the  same  manner. 

Dilute  SULPHURIC  acid  imd  solutions  of  sulphates  produce  in 
solutions  of  salts  of  strontia  a  white  precipitate  of  sulphate  of 
8tnmt^l^  which  is  insoluble  in  dilute  £ree  adds;  even  a  small 
quantity  of  a  salt  of  strontia  is  sufficient  to  produce  this  reaction. 
This  white  precipitate,  however,  appears  only  after  a  certain 
lime,  especially  if  the  liquid  contain  much  of  a  free  acid. 
Sulphate  of  strontia  is  not  so  insoluble  in  water  as  sulphate  of 
baryta.  When  sulphuric  acid  is  poured  in  the  solution  of  a  salt 
of  strontia,  but  without  precipitating  it  completely^  that  is  to 
say,  so  that  a  certain  quantity  of  the  salt  remains  undecomposed, 
and  if  the  whole  be  left  undisturbed  for  a  long  time  before  filter- 
ing it,  a  solution  of  a  barytic  salt  poured  in  the  clear  and  filtered 
acdntion  produces  an  inconsiderable  white  precipitate  of  sulphate 
of  baiyta. 

*  A  solution  of  CHROMATE  OF  POTASH  docs  not  immediately 


*  Instead  of  dilate  solphuric  acid,  gohilion  of  sulpliate  of  lime  is  often  a  better 
test  for  baryta,  because  by  it8  means  a  sulphate  of  baryta  is  throvm  down  all  the 
wm;  biit^tiiitt«-Agent,1iMdoiiUMtOwlw<lMrtfwprecipitstoi8snd^  of 
liMisaivwM  Sulplinteof  lioMtMeordiiig  to  Ur.  Tkylor, niaj  alio  be  loplMad 
tjaMtontadMliitimoffalplisteof  tlnNiti%aiid  forms* good tett liar distinguiab. 
ing  bar>-ta  from  strontia.  If  a  pretty  large  quantity  of  a  saturated  aqueous  solution 
of  sulphate  of  strontia  be  poured  in  a  solution  of  a  bar}'tic  salt,  a  white  precipitate 
r.f  sulphate  of  baryta  fall  down.  It  is  only  neceaeary  that  the  barytio  solutions 
to  be  tested  should  be  neutral. — Ed. 

*  Hydrate  of  stronli*  teolvM  in  sboiit  W  pwto  of  wator  at  60*t  boQiBg  mrter 
diMolvcs  it  move  abmduifly,  sod  dopoiita^  on  oeoliqg,  exytUlt  in  liw  fonn  of 
moHkm  or  of  Hiin  ^indiaQgaiar  taUeo^BsamB.  Hjfdrato  of  iNtfTta  diBwlvM  in 
SO  farti  of  eold  and  8  of  boQiDg  «ater«— Darr. 
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react  upon  the  solution  of  a  salt  of  strontia,  but  after  some 
time  a  precipitate  of  chromate  of  strontia  is  formed,  which  ia 
easily  soluble  in  nitric  add.  A  solution  of  bichbomats  of 
F0TA8H  does  not  produce  any  precipitate  in  salts  of  strontia. 

Htdbofluosilicic  acid  does  not  form  any  precipitate,  even 
after  a  long  time^  in  solntions  of  salts  of  strontia  S 

*  Pkrciiloric  acid  produces  nothing  cither. 

Solutions  of  POTASHj  AMMONIA,  CA&BONATE,  and  BICA&BONATS 
Of  POTASH,  CASBONATB  Of  AMMONIA,  and  PHOSf HATB  Of  SODA 

beliave  inth  salts  of  strontia  in  the  same  manner  as  with  salts 

of  barvta ". 

A  solution  of  OXALIC  acid  or  of  binox  alate  of  poTASHdoes  not 
immediately  disturb  the  neutral  solution  of  a  strontia-salt  when 
▼ery  dilute,  but  after  some  time  it  becomes  turbid,  and  much 
more  rapidly  than  in  the  dilute  solution  of  a  baiytic  salt.  The 
precipitate  which  is  formed  is  an  oxalate  of  strontia^  which  is 
rendered  niucli  more  abundant  when  aiumoiiia  is  added.  If 
the  solution  of  the  strontia-salt  is  so  dilute  that  oxalic  acid  docs 
not  produce  an  immediate  precipitate,  it  is  instantly  formed 
upon  adding  ammonia'. 

A  solution  of  neutral  succinate  op  ammonia  does  not  deter- 
mine any  precipitate  in  solutions  of  neutral  salts  of  strontia,  yet 
if  the  latter  be  very  concentrated,  a  precipitate  of  succinate  of 
strontia  is  produced,  not  immediately,  but  after  a  certain  time. 
This  precipitate  is  soluble  in  adds.  By  this  we  are  enabled  to 
distinguish  solutions  of  strontia  salts  fiom  those  of  baryta  \ 

^  Tbis  Mid  ftAnrds  theNfore  » good  maoiw  of  oeparating  strontia  from  bar^-ta, 
for  flio  latter  i»  predpiteted  by  bydrofliKMilieie  add,  whilst  it  (the  add)lbBiis  with 
strontia  a  Hdt  which  b  moat  readflj  Minbfe  In  a  dight  exoM 

s  Carbonate  of  soda  prodncss  dso  die  SMM  reaetiom  with  silts  of  strontia  sa 

with  tliose  of  baryta. — Ed. 

3  It  has  been  said  in  note  1,  page  2ti,timt  baryta  produces  also  a  precipitate  with 
oxalate  of  ammonia  j  benco  the  neorauty  of  ascertaining  the  absence  of  this  base 
hdan  testing  tar  strontiaa.  TUs  may  be  done  by  testing  with  a  large  quantity  of 
sulphate  of  strontia  before  testfaig  with  ondate  of  ammonia^  whidi»  if  a  piedpitato 
is  produced,  indicates  the  presenee  of  bsryta.— >Ed. 

*  Succinate^  of  strontia  forms  very  ranall  eiystalline  gndai^  whidi  feqoiie  a  y«ry 
great  quantity  of  water  for  sdutiofi<->£ow 
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*  loDATE  OP  SODA  dissolvecl  ill  cold  water  so  as  to  obtain  a 
coucentrated  solution,  produces  in  strong  solutions  of  salts  of 
strontiA  an  immediate  precipitate  of  iodate  of  stiontia;  in 
dilute  solutioiiB  the  praci|iitate  xequiTee  flome  lime  to  ahoir 

Hydrosulphuret  op  ammonia  does  not  produce  any  preci- 
pitate in  solutions  of  strontia  salts. 

*  A  solution  of  PKaEOCYANUAET  OP  POTASSIUM — yellow  prus* 
ntUe  ^ pota$h — {cyamtre  fsrroiopoiauique)  does  not  determine 
«ay  precipitate  even  in  strong  solntions  of  etrontian  salts;  and 
when  they  are  as  mneh  eonoentrated  as  possihle^  even  then  the 
turbiduess  produced  is  quite  insignificant,  and  only  appears  after 
a  long  time ;  this  character  may  well  serve  to  distinguish  sola- 
tionsof  salts  of  strontia  from  those  of  baryta,  lime,  and  magnesia 
[all  of  which  piodaoe  a  precipitate  with  tliis  re-agent.*— Sn.] 

A  solution  of  ramniCTANUSST  ot  totassivm — redpnatiate  of 
potash — {cyanure  ferricopotassiqat)  does  not  precipitate  salts 
of  strontia  from  their  solutions. 

The  strontia  salts,  which  arc  soluble  behave  like  the  barytic 
salts  under  the  influence  of  a  red  heat. 

Their  reaction  npon  fitmus  paper  is  the  same. 

If  salts  of  strontia  be  dissolved  m  aqueous  alcohol,  or  if, 
when  not  soluble  in  this  menstruum,  it  be  poured  upon  this 
salt  i)reviously  pulverized,  the  alcohol  will  bum  with  a  carmine 
ted  flame,  when  set  Are  to.  The  colour  of  the  flame  becomes 
moare  intense  when  the  whole  is  stirred  about,  or  when  it  is 
nearly  all  burnt  out,  or  when  the  alcoholic  liquor  is  boiling ;  in 
this  latter  case  especially,  the  colour  is  the  most  intense.  *  This 
character  establishes  quite  a  distinctive  difference  between 
strontian  and  barytic  salts.  The  addition  of  a  salt  of  bary  ta 
to  the  salt  of  strontia  does  not  prevent  the  production  of  the 
red  flame  in  qnestion,  but  it  gives  it  another  tint  analogous 
to  that  which  is  given  by  the  salts  of  lime.  The  addition 
of  a  salt  of  soda  modihea  also  that  colour,  and  when  there 


•  lodAte  of  itrontw  is  aolttUe  in  4  parte  of  cold  aod  I4  of  hot  water.— Bsiuullivb. 
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is  a  pretty  large  quantity  of  it,  completely  supenedet  it,  and 

nothing  but  tlie  yellow  colour  appears 

Strontia  forms  salts  insoluble  or  sparingly  soluble  in  water 
with  most  acids,  which  by  their  combination  with  baiyta  form 
salts  of  the  same  nature.  These  salts,  like  those  of  baryta,  are 
soluble  in  firee  muriatic  or  nitric  acids,  except  sulphate  of 
strontia,  which  (like  .sulphate  of  baryta)  is  insoluble  in  acids  ". 
It  is,  therefore,  easy  to  detect  the  presence  of  strontia  in  acid 
solutions,  by  means  of  dilute  sulphuric  acid.  In  order  to  dis* 
tinguish  the  sulphate  of  strontia  so  produced  £K>m  sulphate  of 
baryta,  which  it  closely  resembles,  it  is  necessary  to  decompose 
it  by  boiling  it  with  a  solution  of  carbonate  of  potash  or  of 
soda,  and  the  insoluble  residuum  is  to  be  treated  by  muriatic 
acid ;  the  acid  liquor  is  then  to  be  diluted  and  filtered,  and 
hydiofluoailicic  acid  being  poured  in  it,  if  a  precipitate  is 
thereby  produced  sulphate  of  baryta  is  known  to  be  present; 
if,  on  the  contrary,  this  re-agent  does  not  produce  any  pre- 
cipitate, we  may  be  certain  that  the  combination  under  exa- 
mination was  composed  of  sulphate  of  strontia'.  Another 
method  whicli  may  be  employed  conjointly,  consists  in  evapo- 
rating to  dryness  the  filtered  muriatic  aind  solution  of  the 
residuum,  and  pouring  some  alcohol  upon  this  residuum,  when 
upon  setting  it  on  fire  its  flame  will  assume  a  beautiful  carmine 
red  colour,  eliaracteristie  of  strontia*. 

The  blow-pipe  can  detect  the  presence  of  strontia  in  a  satis- 


'  Instead  of  alcohol,  well  rectified  wood-naphtha  prodnoea  exaetl|jr  tiie  wmaphoio- 

mena.—ED. 

*  Sulphate  of  strontia  is  not  altogctlier  inaohible  in  water.  According  to  Berze- 
liu0,  3840  parts  of  water  (hot)  may  dissolT*  1  of  ■nlpbate  of  etrootia,  Irat  liJm 
sulpliate  of  baiyta,  it  la  aolnble  in  conoentrated  boiUnf  mlphorie  add^Eik 

3  Suliihato  of  Ihne,  which  is  a  Terj  iparin^y  aolnUe  Mlt,  and  the  solution  of 
vhicli  \h  fonsequently  very  dilute,  may  serve  also  as  a  means  of  distinguisliin^  pal  fa 
of  barvtu  from  those  of  strontia.  This  solution  of  sulphate  of  lime  will  immediately 
produce  a  precipitate  in  solutions  of  salts  of  bar^'ta,  because  it  will  form  sulphate  of 
baryta,  which  is  quite  insoluble ;  whilst  in  solutions  of  salts  of  strontia,  no  precipitate 
ftppM>%  least  immediately,  because  sulphate  of  atroiitia  ia^  as  w«  have  aeen, 
slightly  aohible.->Ei». 

*  Tlie  absfnoe  of  Hme,  iHiidi  g^vsa  the  same  colour,  must  be  prerloiiafy  asoer- 
tMned^En. 
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tetoiy  maimer  only  in  some  of  the  salts  of  tliat  biise.  Frag- 
ments of  crystals  of  sulphate  of  strontia  held  with  platinum 
foroeps  at  the  poiut  of  the  interior  iiame  continue  bubbling  for  a 
long  time^  and  then  impart  a  ienrible  but  feeble  red  eolonr  to 
ike  ezteriofr  flame }  this  oolonr  cannot  well  be  seen  by  daylight 
If  diloride  of  strontram  be  heated  in  the  same  mamiCT  on  the 
bent  end  of  a  plutuium  wire,  the  flame  at  first  assumes  a  deep 
cannine  red  colour,  but  as  soon  as  the  salt  is  fused  the  colouring 
Taniahew  altogether.  Thus  can  chloride  of  strontium  be  dis- 
tingnished  ftom  chloride  of  litMnm.  When  chloride  of  stron- 
thmi  contains  eUoride  of  barinm,  the  latter  prevents  the 
development  of  tlic  red  carmine  colom*.  Sulphate  of  strontia 
heated  with  fluor-spar,  upon  charcoal,  by  the  blow-pipe,  is 
easily  fused  into  a  bead,  which,  by  cooling,  forms  a  white 

Strontia  m  salts  of  that  base  is  recognised  and  distinguished 

from  the  alkaline  salts  by  the  same  reactions  which  charac- 
terise barj'ta.  It  differs  from  baryta  more  especially,  by  the 
deportment  of  the  latter  substance  with  hydrofluosiiicic  acid; 
and  by  this,  that  alcohol  being  poured  upon  baryta-salts,  thej 
give  no  red  colour  to  its  flame  *. 

When  strontia  is  mixed  with  organic  substances  its  presence 
may  be  detected  by  the  same  means  which  have  been  recom- 
mended for  the  detection  of  baryta  in  like  mixtures. 

7.  LIME,  OtO. 

Pure  lime  is  white,  and  crumbles  easily  between  the  fingers. 
When  water  is  poured  upon  it,  it  becomes  very  hot',  and  falls 

*  Id  gMMnlf  lo  iii^wgtAJi  stMolis  fttMD  lMur]rta)  it  is  customary  to  converfc  tiMm 

both  into  chlorides  by  any  IfifMpKiftte  method  as  has  been  dcscriV)cd,  evapomting 
the  chloride  fwdution  to  dryness,  and  pourins?  piiro  anhydrous  or  absolute  aloohol 
uf'on  ilu-  rt'sidnum. — Chloride  of  strontiinn  distiolves  in  24  parts  of  cold  and  li)  of 
boiling  alcohol,  whilst  chloride  of  bariuiu  ia  almost  insoluble  in  it.  Aooording  to 
Gnfaam,  akohol  SmArm  only  ^  of  a»  weight— En. 

*  AMOtdii^toPeiMOTywhflnllibispfltliBniiedinlliAda^  A 
■Mtdi  tipped  with  solphnr,  and  gunpowder  may  be  Igidtedby  tiie  hMttfaiM  efnlvad. 
Mid  vrm  wood  luy  he  Ml  on  iixo  by  aleking  lime  upon  It— Bd. 
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into  a  white  powder,  the  bulk  of  which  is  greatly  superior  to 

that  of  tlic  lime  which  produced  it.  This  powder  is  a  hydrate 
of  lime.  If  more  water  be  now  added  to  this  liydratc,  a  milky 
mixture  is  the  result.  A  veiy  considerable  quantity  of  water 
ia  requinte  to  dissolve  a  very  small  portion  of  hydrate  of  lime. 
The  solution  thns  obtained  has  a  feebly  caustic  taste,  and 
restores  the  blue  colour  <^  reddened  litmus  paper.  It  strongly 
attracts  the  carbonic  acid  of  the  air,  and  its  surface  thus 
becomes  covered  with  a  film  of  insoluble  carbonate  of  lime, 
which,  after  some  time,  is  gradually  deposited  at  the  bottom  of 
tiie  vessel,  and  this  film  is  renewed  after  eadi  sabsidence  until 
the  whole  of  the  Hme  contained  in  the  solution  has  fallen  down 
in  the  state  of  carbonate  \  Pure  lime  and  its  hydrate  arc  both 
infusible. 

Dilate  svlfhubic  acid  and  solutions  of  sulphates  do  not  pro- 
duce any  predpitate  in  dilute  solutions  of  lime  salts.  If  the 
solution  of  the  salt  of  lime  be  less  dilute  a  precipitate  of  sulphate 

of  lime  is  produced  by  the  above  re-agcnts,  if  not  immediately, 
at  least  after  a  certain  time.  In  concentrated  solutions  of 
salts  of  lime,  sulphuric  acid  produces  an  immediate  precipitate 
of  sulphate  of  lime,  which  is  much  more  bulky  than  the  sul- 
phate of  strontia  or  of  baryta,  produced  by  the  same  means,  in 
the  respective  solutions  of  these  bases,  and  which  is  not  sensibly 
dissolved  by  dilute  muriatic  or  nitric  acid.  If  sulphuric  acid 
has  been  poured  in  the  solution  of  the  salt  of  lime  in  an  insuf- 
ficient quantity,  so  that  a  portion  of  the  salt  of  lime  remains 
undecomposed,  and  if  the  solution  be  then  left  at  rest  for  a  long 
time  before  filtering  it,  solutions  of  strontian  or  of  barytie  salts, 
produce  iii  the  clear  filtered  solution  a  precipitate  of  sulphate 
of  strontia  or  of  sulphate  of  bar}  ta. 

*  Sulphate  of  potash  dissolTed  in  cold  water  does  not  pro- 
duce, at  least  immediately,  any  precipitate  in  even  very  concen- 
trated solutions  of  neutral  salts  of  lime,  and  in  dilute  ones  none  is 
produced  either,  though  the  two  mixed  liquids  be  left  to  react  on 

*  ThU  phwMWMaon  ttkfli  pltM  staa  wklh  tin  mpmaa  lohitioiit  of  baryta  and  of 
strontia.— Ed. 


Digitized  by  Google 


LIMB. 


35 


each  other  for  a  long  time ;  and  as  this  solution  of  sulphate  of 
poteah  produoeB  an  immediate  precipitate  in  aolutiona  of  barytic 
•ilts,  it  abonld  be  preferred  to  dUute  snlphniic  add^  unleaa  the 
acid  be  of  a  known  strength,  fiir  the  purpose  of  distingniahing 

baryta  from  lime 

*  A  conceutratod  solution  of  sulphate  of  lime  is  a  better 
le-agent  than  sulphate  of  potash  to  distinguish  barytic  and 
atrontian  salts  finim  those  of  lime.  In  effect  it  never  can  pro- 
dooe  a  precipitate  in  solutions  of  sslts  of  lime  however  concen« 
trated  they  may  be,  whilst  it  immediately  forms  one  in  solutions 
of  barytic  and  strontian  salts.  True,  that  when  the  solutions 
of  strontian  salts  are  not  concentrated,  the  precipitate  of 
snlpbate  of  strontia  does  not  always  take  place  immediately^ 
but  after  some  time  it  is  always  rendered  manifest. 

*  Solutions  of  CHROMATZ  and  of  bichromate  of  potash  do 
not  produce  any  precipitate  in  solutions  of  lin\c  salts. 

H¥ORorLUosiLicic  ACID  and  prrculo&ic  acid  do  not  deter- 
mine any  precipitate  in  solutions  of  lime  salts. 

Solutions  of  POTASH,  AMMONIA,  CABBONATB  and  BICAR^ 
BONATB  OF  FOTASB,  CARBONATB  OF  AMMONIA,  and  of  PH08FHATB 

OF  SODA,  bcliave  with  lime  salt  solutions  as^\-ith  those  of  baryta. 
A  solution  of  OXALIC  acid^  or  of  binoxalate  of  fotash,  pro- 
evenin  veiry  dilute  neutral  solutions  of  salts  of  lime,  a  white 
precipitate  of  oialate  of  Ume,  which  augments  by  standing,  and 
especially  by  the  addition  of  a  sufficient  quantity  of  ammonia  to 
satorate  the  free  .u  icl'.  This  precipitate  is  very  soluble  in  free 
muriatic  and  nitric  acids^  but  not  much  so  in  even  concentrated 
aeetic  add.  If  in  a  solution  of  a  barytic,  or  of  a  strontian  salt, 
an  insufficient  quantity  of  solution  of  oxalic  acid,  or  of  binoxalate 
of  potash,  be  poured  so  as  to  leave  in  the  liquid  an  excess  of  the 

>  SdplMl0€f  liiiw  aimn  tiibpiDpoMtim  better ;  and  MlplMte  of  itrontk  is 
veD  a&pted  to  diatiagiiialiiiig  itrailia  bom  both  Uim  sad  b«7Sk  (See  note  1, 
page  29.) — Ed. 

'  Oxalate  of  ammonia  may  at  once  be  uaed  instond  of  oxalate  of  potash ;  but  tbia 
sialt,  or  its  production  from  tbo  atldition  of  ammonia  subsequently  to  the  use  of 
ozAlk  «cid,  considerably  c  xait«  the  delicacy  of  the  test,  for,  by  thie  meaaa,  ooeoidiiig 
t»  M.  LaeHugne,  of  Bme  eon  be  deteeted^En. 
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barvtic,  or  of  tlie  stroiitian  salt,  ftnd  if  the  whole  be  then  lefk  at 
rest  until  tlie  precipitate  formed  has  ceased  to  increase,  a  fresh 
ptecipitate  of  oxalate  of  lime  may  still  be  obtained  by  pouiing 
the  aolutioiL  of  a  salt  of  lime  in  the  filtered  liquid.  By  this 
method  can  a  soluble  salt  of  baryta,  or  of  strontia,  be  dis- 
tinji^uished  from  a  salt  of  lime*. 

A  solution  of  neutral  succinate  of  ammonia  docs  not  deter- 
mine any  precipitate  in  neutral  solutions  of  lime  salts.  When 
these  solutions  are  veiy  concentrated,  a  fonnation  of  crystals  of 
succinate  of  ammonia  takes  place  after  standing  for  a  long  time. 

*  loDATS  OF  SODA  dissolvcd  iu  cold  wat^r  produces  a  crystal- 
line precipitate  of  iodate  of  lime  in  solutions  of  lime  salts,  but 
these  solutions  must  be  very  concentrated,  and  the  precipitate 
requires  some  time  to  become  manifest. 

Htdbostjlphurbt  or  amhonia  does  not  produce  any  preci- 
pitate in  lime-salts  solutions. 

*  A  solution  of  ferrocyanurbt  OF  vmkmvM-^Uow  prui- 
Hate  of  potash — (cyanvre  ferrosopotasmque)  does  not  produce  any 
precipitate  in  very  dilute  solutions  of  salts  of  lime,  but  in  more 
concentrated  solutions  a  white  precipitate,  which  is  a  double 
combination  of  fenocyanuret  of  potassium  (yellow  prussiate  of 
potash),  and  of  ferrocyanuret  of  calcium,  is  thrown  down  after 
some  time.  In  those  solutions  which  are  stili  iiiore  concentrated 
the  precipitate  is  immediately  produced,  and  in  both  cases  the 
precipitate  augments  by  standing.  It  is  white  and  soluble  in 
muriatic  acid. 

A  solution  of  vberictanukbt  of  totabsivm — redpru$$UUe  tf 

potash — does  not  produce  any  precipitate  in  solutions  of  salts  of 
lime. 

The  soluble  salts  of  lime  behave  in  the  same  manner  as  the 
,  soluble  salts  of  baryta,  when  exposed  to  a  red  heat. 

'  W'e  liavc  pvcn  in  note  1,  page  20.  other  moan''  of  <  fFcoting  tlic  same  oliject. 
Soc  also  noti'  l,jiage2o.  13ut  the  object  being  to  nsotrtain  whether  bar\ t/i  and 
strontia  be  absent,  because  these  two  bases  yield  also  a  precipitate  with  ox&lutc  of 
HnnxMua,  a  povtkm  nuiy  UlEewfae  be  fint  tartnd  irith  tiM  soliitioii  of  a  nlphate, 
for  whidi  s  Mtnntod  aoliiaoii  of  mlplMite  of  lime  is  periia^  pNteeble^  before 
teeliiig  with  oxeiele  of  mmonifc^Bw. 
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Their  solutions  react  in  the  same  manner  upon  litmus  paper. 

If  alcohol  be  poured  upon  the  soluble  salts  of  lime  aud  ignited^ 
it  bums  with  a  red  flame,  which  very  much  resembles  that 
wbich  the  aalte  of  strontia  oommunicate  to  the  flame  of  alcohol. 
This  chameter  distuigmshes  lime'  salts  ray  weiQ  firaim  baxytic 
salts,  but  not  from  salts  of  strontia. 

Lime  forms  insoluUle  or  sparingly  soluble  salts,  with  the  acids 
which  produce  salts  of  a  similar  composition  with  baryta  aud 
sbNmday  and  these  salts  are  likewise  soluble  in  muriatic  and  in 
nitric  adds;  yet  sulphate  of  lime  is  an  exception,  and  is  spar- 
ingly soluble  in  those  acids.  Sulphuric  acid  is  a  means  of 
detecting  lime  in  the  acid  solutions  of  lime-salts  which  arc  not 
too  dilute,  for  this  add  produces  a  predpitate  if  not  immediatdy 
at  least  after  some  time;  its  determination  is  singularly  acce- 
lerated by  diluting  the  liquid  with  alcohol,  because  sulphate  of 
Kme  is  insoluble  in  eren  aqueous  alcohol.  For  distinguishing 
the  sulphate  of  lime  thus  precipitated  from  sulphate  of  baryta, 
and  from  sulphate  of  strontia,  proceed  as  follows : — Wash  the 
precipitate  well,  and  boil  it  with  a  great  quantity  of  water ;  filter 
the  liquor,  and  divide  this  filtered  liquor  into  two  portions. 
In  one  of  them  pour  a  solution  of  chloride  of  barium,  and  in  the 
other  a  solution  of  un  oxalate.  If  a  white  precipitate  is  formed 
in  both  portions,  aud  if  the  precipitate  formed  in  the  first  por- 
tion be  insoluble  in  muriatic  add,  the  base  of  the  sulphate  is 
lime*. 

There  are  but  few  salts  of  lime  in  which  the  blow-mpe  can 

conclusively  detect  the  presence  of  that  earth.  The  method 
employed  is,  however,  the  same  as  is  resorted  to  for  detecting 
strontia  in  salts  of  that  base.  In  effect,  chloride  of  calcium 
behaves  like  chloride  of  strontium  when  heated  upon  the  bent 
end  of  a  platinum  wire,  yet  the  flame  is  less  intensely  carmine- 
red  than  tliat  given  by  chloride  of  strontium,  but  in  both, 

'  The  tir^t  preci|>itatc  ia  sulphato  of  baryta,  insoluble  in  muriatic  and  nitric  acid; 
aecood  is  oxiUato  of  lime,  which  is  very  soluble  in  these  two  acids.    Yet  we 
anMt  TCOMiiiber  dMt  nlplmte  oT  Btnnitia  {s  ft  HtOe  wd^ 
givw  ft  procipitftte  with  dilonde  of  bftriam  and  with  oiftiste  of  nmnwinift^— Eik 
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when  the  salt  is  fiised,  the  flame  no  longer  shows  any  trace 
of  colour.  If  cliloride  of  calcium  coutains  tlic  least  quantity  of 
chloride  of  barium^  its  presence  prevents  the  carmine  colouring 
of  the  flame.  Fuze  lime  and  carbonate  of  lime  are  exceedingly 
Inminons  under  the  action  of  the  blow-pipe. 

*  Sulphate  of  lime  heated  with  fluorspar  melts  into  a  bead, 
which  forms  a  white  enamel  on  cooling*. 

Solutions  of  lime-salts  may  be  distinguished  from  those  of 
the  alkaline  salts  by  the  same  chaiBcten  irbkh  establish  a 
difference  between  the  alkaline  salts  and  those  of  baryta*  Thej 
differ  from  baryta  by  their  behayionr  with  both  hydroflnosilicic 
acid  and  w  itii  a  solutiou  of  sulphate  of  lime,  and  from  stroutia 
by  their  behanour  with  a  solution  of  sulphate  of  lime. 

When  the  solution  of  a  lime-salt  is  mixed  with  much  organic 
maUer  which  gtres  it  a  yery  deep  colour,  in  order  to  detect  the 
presence  of  lime,  the  solution  is  to  be  mixed  with  a  solution  of 

commercial  binoxulate  of  potash,  and  then  a  little  ammonia  is 
to  be  added.  But  when  the  solution  is  acid,  or  strongly  alka- 
line, it  should  first  be  rendered  neutral,  in  the  first  case  by 
means  of  ammonia,  in  the  second  by  means  of  muriatic  acid. 
A  precipitate  of  oxalate  of  lime  then  takes  place,  which  at  times 
is  deeply  coloured.  This  salt  is  to  be  dried,  and  exposed  to  a 
red  heat,  \\  hich  converts  it  into  carbonate  of  lime.  The  residuum 
is  next  to  be  dissolved  in  muriatic  acid,  and  the  presence  of 
lime  in  this  solution  can  then  be  positiTely  ascertained.  If  the 
lime  or  a  salt  of  lime  be  mixed  with  organic  substances  in  the 
solid  or  in  the  pasty  state,  it  is  best  to  treat  the  mass  with 
water  acidulated  with  nitric  acid.  By  filtering  this  liquor,  the 
presence  of  lime  can  then  be  easily  detected  in  the  way  we  have 
said.  When,  on  the  contrary,  sulphate  of  lime  is  mixed  with 
organic  substances,  in  the  solid  or  in  the  pasty  state,  but  which 

>  M.  Plittoer  hM  given  the  Iblloiriiig  method  of  detecting  Ume  in  barylie  and 
ttrontiMinlti.  The  pan  aalto  Am  wHh  ■dt  of  aod*  upon  pUtinnm  fUl,  aad 
ft  detr  flnx ;  but  if  tliey  contain  ]inie»  U  nmaiiift  ondiMolTttd.   Putting  tfie  fused 

a8<uiy  upon  charcoal  and  contuiuiag  the  blast,  the  clear  flux  pcnetraieB  the  daMOftl 
and  the  lime  remains  M  the  9uh0x,^vwrmlfi^  jpr.  CiMe^Eo. 
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aie  inaoliible  in  pare  water,  the  mass  must  be  treated  in  the 
■Houier  indicated  (page  28)  for  tn^hafte  of  baryta  in  parallel 
caaea ;  ^  Irat  inatoad  of  boifing  irith  water  the  man  which  haa 

been  made  red  hot,  it  is  to  be  treated  immediately  by  mu- 
riatic acid,  because  the  aulphuret  of  cftlctum  produced  is  yeiy 
^aringly  aohible  in  water. 

9,  MAGNESIA,  MgO. 

Ik  the  pure  state,  magnesia  is  a  white  powder  which  is  very 
sparin^y  solnble  in  water^,  and  infosible.   If  a  little  of  the 

powder  be  spread  upon  reddened  litmus  paper,  and  moistened 
thereon,  it  restores  the  blue  colour  of  the  paper.  When  a  small 
qinantity  of  water  is  poured  upon  it^  it  does  not  become  hot. 

SvLPHUBic  ACID  docs  not  produce  any  precipitate  in  concen- 
trated solutions  of  salts  of  magnesia. 

Hydrofluosilicic  acid  and  rfiacuLoaic  acid  do  not  pro- 
duce any  precipitate  either. 

A  solution  of  potash  determines  in  solutions  of  neutral  salts 
of  magnesia  a  bulky^  floccolent  precipitate  of  hydrate  of  mag- 
nesia, which  remains  permanent  on  diluting  the  liquor  with 
water.  If  the  solution  of  magnesia  had  prcWously  been  mixed 
with  a  solution  of  muriate  of  ammonia  {chlorure  ammomque), 
and  potash  be  then  added^the  precipitate  is  much  less  consider- 
able. When^  potash  being  poured  in  a  magnesian  solution,  a 
solution  of  muriate  of  anmionia  is  further  added,  the  precipitate 
of  h}  drate  of  magnesia  produced  at  first  by  tlie  potash  almost 
entirely  disappears.  But  if  the  whole  be  made  to  boil,  the 
precipitate  of  hydrate  of  magnesia  always  becomes  manifest  if 
potash  be  in  excess. 

AvifONiA  produces  in  neutral  magnesian  solutions  a  bulky 
precipitate  of  hydrate  of  magnesia,  which  disappears  almost 
entirely  bv  the  addition  of  a  solution  of  muriate  of  ammonia, 
or  of  any  other  ammoniacal  salt.   If  to  a  neutral  solution  of 

>  A  rronliii}^  to  BcKieliiiB  61 42  psTts  of  water  At  60"  are  TC4|iiMite  to  dioMlve  one 
of  fluigneMA. — Ed. 
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magnesia,  one  of  muriate  of  ammonia  be  added,  and  then  if  ammo- 
nia be  poured  in  the  mixture,  no  precipitate  is  formed,  provided 
a  sufficient  quantity  of  muriate  of  ammonia  has  been  employed. 
If  the  solution  of  the  magnesian  salt  is  not  neutral,  but  contains 
a  firee  add,  the  ammonia  which  is  added  in  eioeas  does  not  pro- 
dnoe  any  precipitate  either,  provided  the  free  add  be  in  lofficient 
quantity'. 

A  solution  of  CARBONATE  OF  POTASH  determines  in  neutral 
magnesian  solutions  a  bulky  precipitate  of  subcarbonate  of  mag- 
nesiay  which  diaappean  completely  by  the  further  addition  of  a 
aohition  of  muriate  of  ammonia.  Carbonate  tfpotath  doea  not 
determine  any  precipitate  when  the  solution  of  muriate  of 
ammonia  is  mixed  with  the  liquor  before  tcstin*;  with  ciU'bonate 
of  potash.  If,  however,  in  either  case^  the  liquor  is  made  to  boil, 
provided  carbonate  of  potash  be  in  sufficient  quantitj,  a  bulky 
precipitate  appears.  When'  a  solution  of  a  magnesian  salt  con- 
tains much  of  a  free  arid,  and  is  not  too  concentrated,  carbonate 
of  potash  does  not  produce  any  precipitate  in  it,  yet  by  boiling 
it,  a  prccii)itate  of  subcarbonate  of  magnesia  is  formed. 

A  solution  of  bicabbonatb  of  potash  does  not  produce  any 
precipitate,  even  in  concentrated  solutions  of  neutral  magnesian 
salts.  But  if  the  mixture  be  made  to  boil,  a  disengagement  of 
eavbonic  acid  takes  place,  and  a  precipitate  of  subcarbonate  of 
magnesia  is  produced. 

A  solution  of  carbonate  of  ammonia  does  not  produce  any 
precipitate  in  magnesian  solutions,  but  if  the  whole  be  made  to 
boil,  a  precipitate  of  subcarbonate  of  magnesia  takes  place, 
which,  however,  disappears  also  by  the  addition  of  a  solution  of 
muriate  of  ammonia. 

A  solution  of  PHosPHATB  ojf  SODA  produccs  a  precipitate  of 
phosphate  of  magnesia  in  concentrated  neutral  magnesian  solu- 
tions. When  these  solutions  are  somewhat  dilute,  no  precipitate 
appears  if  the  mixture  be  made  in  the  cold  way,  but  if  the 

>  This  of  ooone  is  owing  to  tiie  •mnuiok  formkig  willi  the  free  acid  «n  amp 
nMMiiMel  eftli  wliioh  intnforae  with  or  prevente  tho  precipitatioii  of  the  magnwaa.— 
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vhole  be  boiled,  a  precipitate  of  phosphate  of  magnesia  may  be 
obsenredy  which  does  not  diaappear  on  cooling.  When  a  solu- 
tion  of  phoephate  of  soda  has  been  mixed  with  a  neutral  sohitioii 
of  magnesia,  if  the  mixtm»  be  so  dilute  as  not  to  |nrodnce  any 
precipitate  when  cold,  a  precipitate  of  aminonio-magnesiaii 
lubphosphate  is  immediately  produced  by  the  addition  of 
•mmooia  Off  of  carbonate  of  ammonia.  *  The  presence  of  even  a 
pietty  conaideraible  qfbaati^  of  muriate  of  ammonia  or  of  other 
ammoniaeal  salts  does  not  interliBre  in  the  least  with  the  pro* 
duction  of  this  precipitate. 

Solutiom  of  OXALIC  acid  or  of  binoxalats  of  potash  do  not 
produce  any  precipitate  in  neutral  magnesian  solutions.  If  the 
quantity  of  the  solution  of  oxalic  add  or  of  oxalate  be  not  rery 
conaderable,  the  addition  of  ammonia  produces  a  precipitate, 
eyen  though  the  solution  may  have  previously  been  diluted  with 
a  large  quantity  of  water.  But  if  a  great  quantity  of  solution 
of  oxalic  acid  or  of  oxalate  has  been  poured  in  the  magnesian 
sohition^  or  if  the  solution  of  magnesian  salt  was  not  neutral, 
but  contained  a  free  acid,  an  excess  of  ammonia  produces  no 
p(recipitate  or  turbidness  in  even  very  concentrated  solutions, 
because  tliere  is  then  a  sufficient  quantity  of  ammoniaeal  salt 
produced  to  prevent  the  precipitation  of  the  magnesia. 

Htdbosulphvbbt  ov  ammonia  {ni^driUe'-mmmmique)  does 
not  determine  any  piredpitate  in  magnesian  solutions  unless 
they  be  extremdy  concentrated.  When  this  re^agent  produces 
one  in  neutral  magnesian  solutions,  it  is  a  proof  that  it  contains, 
as  is  very  often  the  case,  a  great  deal  of  free  anunouia  to  which 

m 

the  precipitate  of  hydrate  of  magnesia  is  due. 

*  A  solution  of  fskbocyanubsv  of  potassium — ffell&w  pruS" 
note  of  pota$^--{eifanurefmroaop&ia$9ique)  determines,  after  some 

time,  in  solutions  of  magnesian  salts,  an  abundant  white  preci- 
pitate, which  is  a  double  combination  of  ferrocyanuret  of  potash 
and  of  ferrocyanuret  of  magnesia. 

A  solution  of  ? brrictanvrbt  ov  potassium — red  pruBiUUe 
{eifomtre  fomea-poiassique)  does  not  produce  any  precipitate  in 
solutions  of  magnesian  salts. 
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Among  the  salts  of  magnesia  which  are  soluble  in  water, 
sulphate  of  magnesia  is  tlie  only  one  wliich  can  bear  a  red  heat 
in  contact  with  the  air  without  undargoing  decomposition. 

SotutioiiB  of  neutral  magMoaii  salts  do  not  react  npon 
litmus  paper. 

Magnesia  forms  with  a  great  number  of  adds  salts  wMdi  are 

insoluble  or  sparingly  soluble  in  water,  such  are,  for  example, 
the  phosphates,  arseniates,  carbonates  and  borates.  All  these 
salts  wee  soluble  in  either  sulphuic  or  muriatic  adds.  Some 
magnesian  super-salts,  after  having  been  exposed  to  a  red  hea^ 
can  no  longer  be  dissolved  in  these  adds,  unless  they  be  pre- 
viously boiled  in  concentrated  sulphuric  acid,  such,  for  example, 
is  the  case  with  superphosphate  of  magnesia.  In  order  to 
detect  the  presence  of  magnesia  in  add  solutions  of  magnesian 
saltSi  it  is  often  necessary  to  boil  them  for  a  pretty  long  time 
witih  an  excess  of  a  solution  of  potash ;  magnesia  is  then  pred- 
pitated  in  the  state  of  a  hydrate,  whilst  the  acid  with  which  it 
was  combined,  and  that  which  was  made  use  of  to  dissolve  it, 
nnite  with  the  potash  and  remain  in  the  solution.  The  well- 
washed  predpitate  may  then  be  examined  with  the  blow-pipe  or 
dse  dissolved  in  an  add ;  for  example,  in  muriatic  add,  or  in 
dilute  sulphuric  acid,  in  which  solution  magnesia  may  then  be 
easily  recognised. 

Magnesian  salts  may  also  be  detected  in  the  following 
maimer : — A  small  piece  is  to  be  heated  red  hot  npon  diarooal 
by  means  of  the  bbw-p^,  and  immediatdy  moistened  with 
nitrate  of  cobalt ;  then  it  is  to  be  heated  anew  and  strongly. 
The  piece  so  treated  assumes  then  a  characteristic  pale  red  of 
flesh  colour  in  those  parts  which  have  imbibed  nitrate  of  cobalt, 
an  effect  which  is  not  manifested  in  substances  which  contain 
nomagnesia^  Pure  magnesia  and  carbonate  of  magnesia  mixed 
into  a  paste  with  water,  spread  upon  charcoal  and  there  made 
red  hot,  manifest  also  a  red  or  flesh  colour  with  nitrate  of  cobalt 

«  This  fledi  colour  is,  however,  very  weftk,  ind  au  be  w«U  pecoeiTed  only  after 

the  complete  oooliog  of  the  piece.— £o. 
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m  aboye.  The  presence  of  metallic  oxjdes,  of  alkalies,  and  of 
eaidis,  prereats  the  reaction  of  the  salt  of  cobalt;  silicic  acid, 
on  the  oontraryv  does  not  interfisre  with  it. 

Solutions  of  neutral  salts  of  magnesia  are  distinguished  from 
those  of  alkaline  salts,  because  ammonia  and  a  solution  of  car- 
bonate of  potash  produce  white  precipitates  in  them;  they  differ 
ham  sofaitioiis  of  baiyta,  ttrontii^  and  lime,  beeanse  ammonia 
does  not  produce  any  precipitate  in  these  three  earths. 

Acid  solutions  of  magnesia  are  distinguished  from  those  of 
potash,  soda,  and  ammonia-salts,  because,  after  having  been 
sopetsaturatod  with  ammwria,  a  solution  of  phosphate  of  soda 
produces  a  white  precipitate*.  Th^  are  distingrdshed  from 
solutioo  of  salts  of  fithia  beeanse  an  excess  of  potash  produces 
in  the  magnesian  solutions  a  precipitate,  especially  by  boiling  the 
whole ; — from  solutions  of  salts  of  baryta  and  strontia,  because 
dilute  sulphuric  acid  does  not  produce  anj  precipitate ;— lastly, 
fitun  solutions  of  salts  of  lime  by  their  behaviour  with  solution 
of  oxalic  add*. 

The  presence  of  non-volatile  organic  substances  may  often 
prevent  or  at  least  interfere  with  the  precipitation  of  magnesia 
by  alkalies;  yet  when  the  proportion  of  magnesia  is  small,  and 
that  of  orgamc  substances  large,  magnesia  is  nerertheless  pre* 
c^itated  from  such  sohdaons  by  phosphate  of  soda  with  addition 
of  ammoma\ 

<  PhoiflMie  of  wmmonia  (Meotdbg  to  M.  Lmwigne)  cm  detoet  a^oWv  of 
BBBft,  bat  to  Hm  mignwnin  toliitfoa  a  qnantity  of  %  ooiieeiitnitod  Mliiliaii  «f  m 
■iinnonhwd  mXX  equal  to  its  own  weight  nmst  bo  added.   Tlio  pMdpitete  of  am- 

■Mnio-magncsian  subpbosphate,  dissolves  readily  in  acids. — Ed. 

'  M.  Dobercincr  (Jown.  fur  pr.  Chan'te,  xvi.),  indicates  the  following  method 
to  separate  lime  from  maf^esia;^ — These  two  earths  are  to  be  dissolved  in  muriatic 
add  aad  evaporated  to  dryness.  The  residuum  \!a  to  be  cjUcined  in  a  platinum 
cndUe  nnlQ  no  more  bydroddone  acid  ia  disengaged ;  and  pulvoiMd  cUorato  of 
potoah  is  to  ba  added  bj  niall  portiona  until  all  mmU  of  ddorine  baa  oeaaed. 
Water  boiqg  now  added,  the  chloride  of  calcium  prodnoad  will  diMolra  ivUbt  tba 
magneua  remains  insolable.  Berzelios's  method  to  operate  this  separation  consists 
in  mixinjj  the  solution  of  chloride  of  calcium,  which  mif^ht  contain  chloride  of  mag- 
nesium with  peroxide  of  mercury,  evaporating  to  dryne^is,  and  ignitiug  so  a->  to  com- 
^iely  expel  the  mercury,  lly  lixiviatiug  with  water,  the  chloride  of  calcium  is 
diswlVfid  whflat  tfae  msgneeia  renainB  inaohibled — ^d, 

*  UdMiildbexooolloetodthatbaf3rtB»flNntia»aiidliiiwarelU^ 
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9.  ALUMINA,  AlO,. 

Pure  ahunina  is  white^  but  it  often  has  a  sliglitly  yellowish 

tinge,  and  a  horny  appearance  when  obtained  by  slowly  drying 
the  hydrate  of  alumina  It  is  insoluble  in  water",  but  is  e:isily 
dissolved  in  acids,  provided  it  has  not  been  previously  made  red 
hot.  After  it  has  thus  been  calcined,  it  beoomes  of  difficult 
solubility,  and  is  almost  insoluble  in  certain  adds,  and  then  the 
best  means  of  dissolving  it  consists  in  digesting  it  in  concen- 
trated muriatic  acid  diluted  with  a  very  small  quantity  of  water, 
or  in  heating  it  with  sulphuric  acid  shghtly  diluted. 

No  free  add,  even  hydroflnosilidc  add,  produces  any  pre- 
dpitate  in  solutions  of  alumina  salts. 

A  solution  of  potash  determines  in  solutions  of  neutral  salts 
of  alumina  a  bulky  precipitate  of  hydrate  of  alumina,  winch  is 
immediately  redissolved  by  the  addition  of  an  excess  of  potash. 
A  solution  of  muriate  of  ammonia  poured  in  such  a  solution 
determines  a  predpitate  of  hydrate  of  alumina. 

Am. MUM  A  ])uiircd  in  solutions  of  salts  of  alumina  produces  a 
voluminous  precipitate  of  hydrate  of  alumina,  insoluble  in  au 
excess  of  ammonia.  The  presence  of  muriate  of  ammonia  does 

■ 

not  interfere  with  the  formation  of  this  predpitate,  nor  of  that 
produced  by  the  following  re-agents,  a  character  which  quite 

distinguishes  alumina  salts  from  those  of  magnesia'. 

hy  phosphate  of  soda,  tliough  tho  precipitate  is  not  ntigintntod  by  the  addition  of 
MUauuok ;  imd  therefore  the  ahacnco  of  these  three  earthii  should  be  ascertained 
befon  tMliiig  widi  phosphAto  of  soda,  cither  or  wHhont  addMoB  of  ■mmonia.— 
Ed. 

'  This  yellowish  tinyc  is  not  inherent  to  alumina,  but  is  always  owing  to  organic 
substJuiceH  whit  li  are  mixed  witli  it,  and  for  which  alumina  has  a  great  atliuity. 
When  tim  is  liie  case,  upou  applying  heat  to  it,  it  become*  bhMsk  from  their  beiug 
«liM««d.>~Ei>. 

'  Pure  ahimiiia  b  abtolnfeQly  Snsoliible  ia  water,  bat  it  hM  w  mndi  afinify  for 
that  liquid,  tint  ef«n  in  tin  iiyttttte  it  tetidiw  a  gml  qwlity  of  it  wfaidi  e«R]K»i 

be  driven  oflT  except  by  igniting  it.— Ed. 

^  According  to  Gay  Liu»ac,  when  alumina  is  precipitated  by  ammonia,  tho  preci- 
pitate n  tains  a  subsulphate  of  aliuniiia  which  oaanoi  be  deeompoeed  hy  any  exoeas 
of  ammonia  — Ed. 
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A  solution  of  c  arhon  ate  of  potash  produces  in  solutions  ot 
ahimiua-salts  a  precipitate  of  hydrate  of  alumina  as  bulky  as 
that  produced  hj  ammonia ;  this  precipitate  is  likewise  inaolublGi 
or  nearly  so,  in  an  excess  of  the  re-agent.  If  tbe  solution  be 
concentrated,  an  efferyescence  is  produced  in  solutions  of  neu- 
tral salts  of  alumina,  o^-inp^  to  a  disengagement  of  cai'bonic 
acid.  If,  however,  a  great  excess  of  carbonate  of  potash  be 
emplcif  ed,  no  effervescence  takes  places  because  a  bicarbonate  is 
then  produced*. 

A  solution  of  bicarbonate  of  potash  has  the  same  rctic- 
tion,  only  the  effervescence  produced  by  the  disengagement  of 
carbonic  add  is  stronger  still. 

A  solution  of  cabbomatb  of  ammonia  behaves  in  the  same 
manner,  and  the  precipitate  is  insoluble  in  an  excess  of  the 
re-agent. 

A  solution  of  phosphate  of  soda  produces  in  solutions  of 
neutral  salts  of  alumina  a  bulky  precipitate  of  phosphate  of - 
alumina^  which  like  the  other  precipitates  is  soluble  in  adds,  and 
in  a  solution  of  potash,  and  the  external  characters  of  which 
have  a  great  resemblance  with  hydrate  of  alumina. 

A  solution  of  oxalic  acid,  and  of  neutral  oxalates,  does 
not  determine  any  precipitate  in  neutral  solutions  of  alumina. 

If  FOTASH,  or  CABBONATB  OF  FOTASH,  bo  added  to  a  solution  of 
alumina,  and  a  suffident  quantity  of  sulfhvbic  acib  be  added 
to  the  liquid,  so  that  it  should  slightly  predominate,  crystals  of 
alum  are  formed  after  some  time,  provided  the  alumina  solution 
be  not  too  diluted.  When  the  liquor  is  too  dilute,  it  must  first 
be  concentrated  by  evaporation,  without  which  precaution  sul- 
phuric add  and  potash  will  yield  no  crystals  of  alum. 

*  Ammonia,  likewise,  yields  crj^stals  of  alum  in  alumina  solu- 
tions in  the  same  circumstances  as  just  related  in  reference  to 
potash. 

*A  solution  of  FSftmocTAMVUT  of  potassium — ffeUow 

>  The  alumina  thus  precipitated  by  carbonate  of  potaah  is  always  mixed  with  • 
little  potai^h.  It  is  therefom  woll,  in  or^lrr  to  have  it  pure,  to  rediaM)lve,i(  in 
muriatic  add,  and  ttieix  to  precipitate  it  again  by  ammonia. — Ep. 
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pnissiate — [cyanure  ferroso-potassujuc)  docs  not  immediately 
produce  a  precipitate  in  solutions  of  salts  of  alumina,  but  after 
some  time  an  abiindant  precipitate  ia  formed,  which  remama 
for  a  long  time  in  anspeniion. 

A  solution  of  firbigyanubbt  ov  wfAMtvu—red pnutUOe — 
{cyanure  ferrico-potassique)  does  not  determine  any  precipitate  in 
solutions  of  salts  of  alumina. 

HYDBOBULVHuasT  OP  AMMONIA  foims,  in  neutral  solutions  of 
alumina^  a  predj^tate  of  hydrate  of  alumina  j  sulphuretted 
hydrogen  is  disengaged  with  effermoenoe  when  the  solutions 
are  very  concentrated.  This  precipitate  being  formed  of  pure 
hydrate  of  alumina  is  soluble  in  a  solution  of  potash. 

A  current  of  sulfhuretted  hydkoobn,  or  a  solution  of  that 
gas  in  water^  does  not  determine  any  precipitate  in  neutral 
solutions  of  alumina^  neither  does  it  form  one  in  solutions  of 
alumina  in  potash. 

*  Wlien  alumina,  or  a  salt  of  alumina,  is  heated  red  hot  with 
an  excess  of  carbonate  of  potash  or  of  soda,  the  alumina  dis- 
places the  carbonic  acid  of  the  alkaline  carbonate,  and  the 
melted  mass  is  completely  soluble  in  water. 

Neutral  soluble  salts  of  alumina  react  upon  blue  litmus  paper, 
and  turn  it  red. 

The  salts  of  alumina,  which  are  soluble  in  water,  are  decom- 
posed when  submitted  to  a  red  heat. 

Alumina  forma  with  a  great  number  of  adda,  for  example, 
phosphoric  acid,  arsenic  add,  kc.,  salts  whidi,  when  neutral,  are 
insoluble  in  water.  When  these  salts  have  not  been  exposed  to 
a  red  heat,  they  very  readily  dissolve  in  muriatic  or  in  sulphuric 
acid,  and  likewise  in  solution  of  potash.  Solutions  of  phos- 
phates, arseniates,  &c.  of  alumina  in  adds,  and  in  solution  of 
potash,  behave  with  re-agenta  about  the  aame  manner  aa  a 
aolution  of  pure  alumina.  These  salta  may  easily  be  mistaken  for 
pure  alumina;  in  order  to  distinguish  them  from  it,  it  is  there- 
fore necessary  to  test  for  the  acids  with  which  it  may  be  com- 
bined.   The  means  of  effecting  this  are  indicated  further  on. 

Before  the  bhw-pipe,  alumin%  dther  in  the  pure  states  or  in 
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most  of  its  oombmatioiis,  may  be  easily  recognised,  especially 
when  these  combinationa  are  not  very  fiisible.  In  effect,  if  a 
small  quantity  of  the  substance  be  heated  upon  charcoal,  with  a 
aolntion  of  nitrate  of  cobalt^  it  assnmes  a  beantiivd  blue  ooloiur 
i^cni  being  heated  again  strong^  in  the  flame  of  the  bkyw-pipe ; 
thia  colour  is  qnite  chancteristie^  and  ie  not  manifiMted  in  tnb- 
stances  which  contain  no  alumina.  This  colour  can  l^e  seen  to 
be  a  pure  blue  only  by  daylif,'ht,  for  by  candle  or  artificial  light 
it  has  a  dirty  purple  appearance 

Solutions  of  salts  of  alumina  may  easUy  be  dirtingmshed  from 
thoee  of  alkaline  salts,  because  ammonia  produces  a  inreci- 
pitate  in  alumina  solutions;  from  those  of  barytic,  strontian 
and  lime  soluble  salts, — because  ammonia  does  not  produce  any 
precipitate  in  the  three  latter  solutions, — and  because  sulphuric 
add  pioduces  in  them  also  a  precipitate,  whilst  none  is  fonned 
by  sulphuric  add  in  salts  of  alumina:  the  solutions  of  salts  of 
lime,  honrever,  in  order  to  produce  a  precipitate  with  sulphuric 
acid,  must  not  be  too  dilute ;  and,  lastly^  they  may  be  distin- 
guished from  those  of  magnesian  salts  by  their  behaviour  with 
sofaftums  of  potash  and  of  muriate  of  <wniwAwiA. 

In  sdntiona  of  alumina,  whidi  contain  much  oarganic  matter, 
especially  such  as  cannot  be  volatilised  by  heat  without  being 
decomposed  or  destroyed,  and  which  therefore  leave  a  copious 
residuum  of  charcoal,  it  oflcn  happens  that  the  presence  of 
alomina  cannot  be  ascertained  by  means  of  the  ordinary  re- 
agents, even  though  the  liquid  be  almost  colourless.  Ammonia 
and  eohitkms  of  carbonate  of  potash  do  not  produce  any  pied- 
pitate  in  such  solutions,  even  though  a  very  great  excess  of 
these  re-agents  be  employed ;  and  it  is  with  difficulty  that 
crystals  of  alum  are  formed  in  it  by  the  addition  of  potash  and 
of  sulphuric  add.  The  presence  of  alumina  can  (rften  be 
detected  in  adutiona  containiBg  mudi  organic  matter  only  by 
evaponting  the  liquid  to  dryness,  and  igniting  the  redduum, 

'  The  blue  colour  can  »lao  bo  distinctly  seen  only  after  the  mixture  operated  upon 
>M  €ooM,Mid»  gwsktf  dPSB  ^gofc^H  WBdwwit  deeper,  !wt  aot  k»  basitliWL— Bp. 
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by  whidi  means  tlie  organic  rabstance  is  destroyed.  After 

ignition  the  residuum  is  to  be  digested  in  an  acid  ;  for  example, 
muriatic  or  sulphuric  acids,  and  then  alumina  may  be  tested 
for  in  the  filtered  liquor  with  the  ordinary  re-agents.  When 
alumina  is  contained  in  organic  substances  in  the  solid  or  in 
the  iwsty  state,  the  organic  snbsCtoces  must  likewise  be  destroyed 
by  igniting  the  whole,  and  alunima  may  then  be  tested  for  aa 
above. 

10.  GLUCINA  GIO. 

PuRB  glucina  is  white  and  insoluble  in  water.  It  is  soluble  in 
adds^  but  less  easily  after  having  been  ignited. 

Free  acids,  even  hydrofluosilidc  add^  do  not  form  preci- 
pitates in  glucina  solutions. 

Potash  produces  a  bulky  precipitate  of  hydrate  of  glucina, 
which  is  completely  soluble  in  an  excess  of  potash;  solution  of 
muriate  of  ammonia  (ehlorunmnmomque)  produces  a  precipitate 
of  hydrate  of  glucina  in  such  a  solution. 

Ammonia  produces  in  glucina  solutions  a  bulky  precipitate  of 
hydrate  of  glucina,  wliich  is  insoluble  in  any  excess  of  this  re- 
agent. Solution  of  muriate  of  ammonia  docs  not  prevent  the 
formation  of  this  precipitate^  nor  of  that  produced  by  any  of 
the  following  re-agenta*. 

A  solution  of  carbonate  of  potash  produces  in  glucina  solu- 
tions a  bulky  (flocculent)  precipitate  of  carbonate  of  glucina, 
soluble  in  a  great  excess  of  the  re-agent. 

A  solution  of  BicARBONATS  ov  FOTASH  BCts  in  the  same  way. 

A  solution  of  carbonatb  ob  ammonia  acts  in  the  same  way  as 
carbonate  of  potash,  only  the  precipitated  carbonate  of  glucina  ia 
more  easily  soluble  in  carbonate  of  ammonia  than  in  carbonate 


1  Potash  and  ammonia  behave  therefore  with  glucina  exactly  as  with  ^oiasb,  ' 
which  circumHtAiice  niiirhf  cause  it  to  bo  confounded  with  alumina  ;  but  as  it  ia 
perfectly  soluble  in  carbonate  of  anmiouia,  whilst  alumina  is  not,  and  does  not 
fona  alnin  hy  trefttment  with  potash  and  solpburic  acid,  these  characters  are  mflU 

pip^  nitli  niinte  «f  eolMtt^fiD. 
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of  potash.  When  such  a  solution  is  made  to  boil  the  carbonate 
of  ghuanA  &ll8  dowii\ 

A  solution  of  fho8phatb  of  aoda  detennines  a  bulky  preci- 
pitate of  phosphate  of  ghicina  in  glucina  solutions. 

A  solution  of  oxalic  acid  or  of  oxalates  does  not  produce 
any  precipitate  in  glucina  solutions. 

When  FOTABH  is  poured  in  a  glucina  solution^  no  oystalB  of 
ahim  are  fofmed  by  super-satnrating  it  with  sulphuric  add. 

A  solution  of  ferrocyanuret  of  potassium — yellow  pmssiale 
— does  not  immediately  produce  any  precipitate  in  glucina  solu- 
tions, *  but,  after  some  time,  the  liquid  becomes  gelatinous,  and 
this  gelatinous  liquid  assumes  a  blue  tinge  if  it  contains  the 
kast  iron. 

Ferrictanvret  or  POTASSirM — red prusHate  of  poi ash— does 
not  determine  any  precipitate  in  glucina  solutions. 

Hydrosulfhuret  of  ammonia  produces  in  neutral  solutions 
o£  gludna  a  precipitate  of  hydrate  of  glucina  soluble  in  a  solution 
of  potash. 

A  solution  of  svlfhvbsttsd  htdroobn,  of  a  current  of  the 

ga.%  does  not  produce  any  precipitate  in  solutions  of  glucina. 

Neutral  solutions  of  glucina  react  on  litmus  paper  and  turn 
It  fed. 

The  glucina  salts  sokible  in  water  are  decomposed  by  the 
action  of  a  red  heat. 

Glucina  forms,  with  a  great  nunil)cr  of  acids,  salts  which,  in 
the  neutral  state,  are  insoluble  in  water ;  these  salts  arc  often, 
like  the  conresponding  salts  of  alumina,  yery  difficult  to  dis- 
tinguish ficom  pure  gludna. 

Oludna  and  most  of  its  combinations,  before  the  bhw-pipe, 
and  after  having  been  moistened  witli  solution  of  nitrate  of 
cobalt,  assume,  not  a  blue  colour  (as  alumina),  but  become  deep 
grey  or  black. 

Solutions  of  glucina  are  distinguished  firom  alkaline  and  also 
from  baiytic,  strontian,  lime  and  magnesian  solutions  by  the 

'  This  precipitate  is  granular,  and  easily  falla  at  the  bottom  of  tiie  vctj«el.  It  is 
liglift  tad  loft  wlien  di'ic<l.—£u. 

K 
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same  characters  which  establish  a  difference  betwixt  these  and 
the  solutions  of  alumina.  They  are  distinguished  from  the 
latter  solutions  hy  their  behaviour  with  solutions  of  the  alkaline 
carbonates,  and  especially  with  that  of  carbonate  of  ammonia ; 

by  their  reaction  with  potash  and  sulphuric  acid  (no  crystals  of 
alum  being  produced) ;  and  lastly,  when  in  the  solid  state,  by 
their  behaviour  before  the  blow-pipe  with  solution  of  nitrate 
of  cobalt. 

*  Tlicre  is,  according  to  Bcrzclius,  a  phenomenon  which,  for  the 
salts  of  glucina^  is  quite  characteristic ;  it  is  that  when  their  hot 
solution  is  mixed  with  a  hot  solution  of  fluoride  of  potassium 
until  a  precipitate  begins  to  appear^  a  sparingly  soluble  double 
fluoride  of  glucinium  and  potassium  in  small  scaly  cr}'8talB  is 
deposited  on  cooling  the  uiixture. 

When  a  solution  of  glucina  contains  a  great  quantity  of  non- 
Tolatile  organie  maiter,  glucina  is  as  difficult  as  alumina  to  be 
detected  therein  by  means  of  the  ordinary  re-agents.  It  is  then 
equally  nc  cessary  to  evaporate  the  liquor  to  dr3niess,  to  ignite 
the  residuum ;  then  to  treat  it  by  muriatic  acid^  and  lastly  to 
test  for  glucina  in  the  acid  solution. 

11.  THORINA,  ThO. 

TiiORiNA  being  an  extremely  rare  substance,  I  have  had  yet 
no  opportunity  of  studying  it,  nor  examining  its  beha\-iour  with 
re-agents.  That  which  I  am  about  to  say  upon  this  substance 
is  extracted  &om  the  memoir  which  Benelius  has  published  on 
that  substance. 

Pure  thorina  is  colourless ;  after  ignition  it  cannot  be  dis- 
solved in  any  acid  except  concentrated  sulphuric  acid,  to  which 
an  equal  weight  of  water  has  been  added,  and  yet  it  must  be 
heated  to  operate  its  solution.  It  is  useless  to  ignite  thorina 
with  alkalies,  for  such  a  treatment  will  not  render  it  soluble  in 
eitlicr  muriatic  or  nitric  acid,  as  is  the  case  with  almost  all 
the  other  oxydes,  which,  after  ignition,  are  insoluble  in  acids. 
Adds  take  up  only  the  foreign  substances  with  which  thorina 
may  be  mixed,  and  upon  which  they  have  no  action,  except 
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after  ignitioii  with  an  alkali.  The  hydrate  of  thorina  when 
moiat,  on  the  contrary,  is  Tery  easily  soluble  in  adds ;  after  it 

has  been  dried,  its  solution  is  more  difficult  and  slow. 

A  solntion  of  potash  produces  in  solutions  of  thorina  a  gela- 
tinons  precipitate  of  hydrate  of  thorina,  which^  howererj  very 
soon  gathers  at  the  bottom  of  the  vessel^  and  vhich  is  insdoble 

in  an  excess  of  the  re-afcent. 

Ammonia  behaves  m  the  same  manner. 

Solutions  of  CARBONATE  OF  POTASH  and  of  CARBONATE  OP 

AMMONIA  determine  in  solutions  of  thorina  a  precipitate  which 
is  sohible  in  an  excess  of  the  re^agent.   This  solution  is  pretty 

ciiiilv  effected  when  the  solution  of  the  carbonate  is  concen- 
trated ;  but  when  it  is  too  dilute  it  is  difficult  to  dissolve  it. 

A  solution  d  PHOSPHATE  OF  SODA  forms,  in  a  solution  of 
thorina,  a  white  flooculent  precipitate  of  phosphate  of  thorina, 
insoluble  in  an  excess  of  phosphoric  acid. 

A  solution  of  oxalic  acid  produces  a  white,  heavy  precipi- 
tate of  oxalate  of  thorina,  insoluble  in  an  excess  of  oxalic  acid, 
and  whidi  is  also  reiy  sparingly  soluble  in  other  free  dilute 
adds. 

A  solution  of  sulphate  of  potash  renders  solutions  of  thorina 
turbid^  this  turbidness  is  slowly  manifested,  but  the  thorina 
beoofnes  entirely  precipitated  in  the  state  of  potassio-sulphate  of 
thorina,  prorided  the  solution  of  the  sulphate  be  concentrated 
and  in  excess. 

A  solution  of  ferroctanurbt  of  potassium  produces  in  a 
neutral  solution  of  thorina  a  white,  heavy  precipitate  of  ferro- 
cyanuret  of  thorina,  soluble  in  acids. 

A  solntion  of  pvreictanubst  op  potassium — redpnunate — 
produces  no  precipitate  in  solutions  of  thorina. 

Hydrosulpuuret  of  ammonia  determines  a  precipitate  of 
hydrate  of  thorina  in  neutral  solutions  of  thorina. 

SuLPBcmsTTKD  HYDBOOVK,  either  liquid  or  gaseous,  yields  no 
precipitate  in  solutions  of  thorina. 

The  salts  of  thorina,  soluble  in  water,  are  decomposed  wlien 
submitted  to  a  red  heat.   Sereral  solutions  of  these  salts,  for 

b2 
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example,  that  of  the  sulphate,  are  precipitated  by  boiling ' ;  yet 
this  fe-action  does  not  take  place  when  bases  are  pxeaent,  with 
which  thorina  forms  double  saUa* 

Solutions  of  thorina  are  distinguished  from  alkaline  solutions 
as  well  tis  those  of  baryta,  strontia,  and  lime,  because  it  ia 
precipitated  by  ammonia  from  maguesiau  solutions  by  their 
behaviomr  with  ammonia  and  muriate  of  ammonia*;  lastly,  from 
alnmina  and  glucina,  because  a  solution  of  potash  produces  a 
precipitate  which  is  not  soluble  in  an  excess  of  the  re-agent. 

12.  YTTRIA,  YO. 

FuBi  jMBt-^drate  t^yttria-^  white,  and  becomes  of  a 
dirty  yellow  colour  when  it  has  been  made  red  hot.   It  is  easily 

soluble  in  acids. 

A  solution  of  roTAHH  produces,  in  solutions  of  yttria,  a  white 
bulky  precipitate  of  hydrate  qf  yttria,  which  is  insoluble  in  an 
excess  of  the  re-agent. 

Ammonia  behaves  in  the  same  manner. 

A  solution  of  carbonate  op  potasu  determines,  in  solutions 
of  y  ttrin,  a  white  bulky  precipitate  of  carbonate  of  yttha,  which 
is  slightly  soluble  in  a  great  excess  of  the  re-agent. 

A  solution  of  bicabbonatb  ov  potasb  produces  a  white 
bulky  precipitate  of  carbonate  of  yttria,  which  is  entirely 
soluble  in  a  very  great  excess  of  the  re-agcnt. 

A  solution  of  carbonate  or  ammonia  behaves  in  the  same 
manner;  *  yet  a  much  larger  quantity  of  this  re-agent  is  neces- 
sary to  dissolve  yttria  than  is  necessary  for  glucina.  When 
yttria  contains  peroxyde  of  iron  or  of  cerium,  it  is  very  sparingly 
soluble  in  a  solution  of  carbonate  of  ammonia. 

A  solution  of  puospuatb  or  soda  causes,  in  neutral  solutions 

'  This  property  of  sulphate  of  thorina,  of  being  precipitated  by  boiling,  and  to  be 
rc-'li?po1vo<l  npain  entirely,  thoutrh  slowly,  on  roolijig,  ia  quite  jteculiar,  Mid  distm- 
guishcs  it  from  all  other  ox/dised  bodies  aa  yet  known. — Berzelius. 

•  Thorina  i«  dktuifuMied  from  «^»g"«^^j  becwue  if  ammonift  is  added  to  & 
mmiAtio  add  aofaitioa  of  tfiorim  and  nagneeia,  the  tiuwin*  is  precipitatod,  whibi 
the  magneaia  ia  kept  in  edatiop  by  the  muriate  of  anunoaia.  It  ia  only  -neoeaiary 
to  pat  a  aaffident  qoantity  of  muriate  of  tauiMiiia^Eo. 
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of  yttriay  a  white  precipitate  of  phosphate  of  yttria,  which  is 
soluble  in  muriatic  acid,  and  which  is  precipitated  from  the 
solution  by  boiling. 

A  aolatioii  of  oxauc  acid  pioduoes  in  slightly  add  solutions 
of  yttzia  a  white  bnlky  ^tteetpitate  of  oxalate  of  yttxuL,  which  is 
■olnble  in  mnriatic  acid. 

A  solution  of  SULPHATE  OF  POTASH  dctcrmiucs,  after  sonic  time, 
in  solutions  of  yttria^  a  precipitate^  which  is  a  double  sulphate 
of  yttria  and  of  potash^  sparingly  soluble,  and  which  is  com- 
pletely diaaohred  when  much  water  is  added,  but  the  solution  of 
which  takes  place,  though  slowly,  even  though  the  water  con- 
tains sulphate  of  potash  in  solution. 

A  solution  of  ferrocyanuret  of  potash — yellow  prussiiUe — 
prodncea  a  white  precipitate  of  ferroqranuret  of  yttria. 

A  solution  of  fbbmctanubbt  or  potash  does  not  produce  any 
precipitate. 

HvDRosuLFHURET  OP  AMMONIA  produccs  a  precipitatc  of  hy- 
drate of  yttria  in  neutral  solutions  of  yttria. 

Aqueous  aolutiona  of  sulphurettbd  htdboobn,  or  a  current  of 
the  gas,  does  not  produce  any  precipitate  in  solutions  of  yttria. 

Neutral  solutions  of  the  salts  of  yttha  redden  blue  litmus 
paper. 

The  salts  of  yttrii^  which  are  soluble  in  water,  are  decom- 
posed when  they  are  made  red  hot. 

*  The  salts  of  yttria,  which  are  insoluble  in  water,  are  often 
somewhat  difficult  to  distinguish  from  pure  yttria. 

Yttria^  bcfon;  the  blow-pipe,  behaves  like  glucina,  and  is  not 
easy  to  distinguish  from  similar  earths. 

Solutions  of  yttria  may  be  distmgoished  from  alkaUne  aolu- 
tiona and  from  those  of  baryta,  strontia,  lim^  and  magnesia,  by 
the  same  characters  which  establish  a  difference  between  these 
and  solutions  of  alumina.  From  solutions  of  alumina  and  of 
glucina,  because  they  yield  a  precipitate  with  solution  of  potash, 
which  precipitate  is  insoluble  in  an  excess  of  this  re-agent'; 

*  Yttrift  is,  aocording  to  BeneUui^  pArticuUrly  dktinguished  from  gluciua,  bocauso 
it  it  ptwApiUled  b/  fnneymawt  of  potMnmn ;  but  the  cbwMtflr  which  bast 
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from  solutions  of  thorina,  because  these  form  with  sulphate  of 
potash  a  double  salt,  which  is  insoluble  in  a  saturated  solution 
of  sulphate  of  potash. 

The  praenoe  of  organie  sdbttanoet  does  not  prevent  yttria 
from  being  precipitated  firom  its  solnticm  by  alkalies. 

IS.  OXYDES  OF  CERIUM. 

lO,  pROTOXTDE  OF  CERIl'M,  CeU. 

{Oxijdc  c/reux.) 

PuEB  hydrate  of  piotozyde  of  oerium  is  white^  but  it  becomes 
yellow  by  exposure  to  the  air,  the  oxygen  of  wbicb  it  absorbs. 

When  it  is  heated  to  redness  in  contact  with  the  air,  it  iicquires 
a  brick  red  colour,  because  it  is  converted  thereby  into  peroxyde 
of  cerium.  It  easily  dissolves  in  acids.  Hot  muriatic  acid 
almost  always  dissolves  it  with  a  feeble  evolution  of  chlorine. 
Yet,  this  is  a  property  of  the  peroxyde  of  cerium  and  not  of 
the  protoxydc,  but  it  is  caused  in  consequence  of  the  protoxydc 
containing  always  a  certain  quantity  of  the  peroxyde,  by  reason 
of  the  £Msility  with  which  the  protoxyde  absorbs  oxygea  from 
the  air  when  moist  \ 

A  solution  of  potash  produces  in  solution  of  protoxyde  of 
cerium  a  white  bulk}  precipitate  of  hydrate  of  protoxyde  of 
cerium,  insoluble  in  an  excess  of  the  re-agent. 

Ammonia  behaves  in  the  same  manner. 

Cabbonats  or  potash  determines  a  white  voluminous  preci- 
pitate of  protocarbonate  of  cerium  very  sparingly  soluble  in  an 
excess  of  the  re-agent. 

Solutions  of  BICARBONATB  OF  POTASH  and  of  CA&BONATE  OP 

AMMONIA  behave  in  the  same  manner. 
A  solution  of  phosphate  op  soda  yields  a  precipitate  of  proto- 

phosphate  of  cerium  in  neutral  solutions  of  protoxyde  of  cerium. 

dutingidabw  HfrmaUoliMreirtli%i%tlistii»Milpliate|^ 

an  amethyst  colour,  efflorescent  by  hcivt,  and  scmairlcilile  bj  flie  eiwife  skminas 

witli  which  thf>y  (liRsohc  in  water. — Ed. 

*  This  property,  according  to  Ber-rolins,  is  the  cause  of  its  never  lia>-ing  be*m 
obtained  in  the  anhydrous  state,  for  all  attempts  to  dry  it  are  attended  with  its 
partial  peroxydisement — £i>. 
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A  solution  of  OXALIC  acid  produces,  even  in  acid  solutions  of 
piotoxyde  of  cerium^  provided  they  do  not  ooataiii  too  mlich 
fiee  mad,  an  immediate  white  precipitate  of  oxalate  of  oerium^ 
whieh  Is  aolnble  in  a  large  exoesa  of  muriatic  acid. 

A  solution  of  sulphate  of  potash  poured  in  solutions  of 
protoxyde  of  cerium,  provided  they  be  not  too  dilute,  occasionfly  if 
not  immediately,  at  least  after  a  short  time^  a  crystalline  pre* 
e^itate,  which  is  a  double  sulphate  of  potash  and  of  cerium 
fcry  sparingly  soluble  in  water,  and  insoluble  in  a  solution  of 
sulphate  of  potash '  [with  which  it  may  be  washed]  as  will  be 
said  in  the  second  volume. 

Asolotionof  FEBEOCYANunar  or  wrAMivu^'-yelhiifprmtiate 
of ^/of A— prodnoes  a  white  precipitate  of  ferrocyanuret  of  cerium 
lu  neutral  solutions  of  the  protoxyde. 

A  solution  of  ferric yanubet  of  potassium — redpnmiiUe  0/ 
potash— dom  not  determine  any  precipitate. 

Htdbosvlphitbsv  op  ammonia  produces  in  neutral  solutions 
of  protoxyde  of  cerhnu  a  white  precipitate  of  protoxyde  of 
cerium.  *  But  if  there  be  the  least  trace  of  iron  or  of  cobalt 
the  precipitate  is  black. 

SuLPHUBBmn  BTnBooBK  in  aqueous  solutions,  or  in  the 
gaaeoos  state,  does  not  produce  any  precipitate  in  solutions  of 
protoxyde  of  cerium. 

Neutral  solutions  of  protoxyde  of  cerium  redden  litmus  paper. 

The  salts  of  protoxyde  of  cerium,  which  are  soluble  in  water, 
are  decomposed  by  being  submitted  to  a  red  heat,  with  the 
single  excqition  of  the  double  sulphate  of  cerium  and  of 

potash. 

Protoxyde  of  cerium  may  be  shown  to  exist  in  combinations 
which  are  not  soluble  in  water,  but  this  is  attended  with  some 
diiBciilty.  The  best  method  is  to  dissolve  these  combinatioDS  in 

an  acid,  and  to  promote  the  formation  of  the  double  sulphate  of 
cerium  and  potash  by  plunging  in  the  liquid  a  crust  of  crystals 


'  By  boiling  this  precipitate  in  water,  accordint;  to  Bcrzclius,  it  crystallises  l»y 
coolint»  in  sinal!  crystals  of  a  rtnl  amethyst  colour,  which  ia  charaotexistic,  and 
niay  serve  to  separate  it  from  other  oxydcs. — Ed. 
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of  sulphate  of  potash,  the  clou])le  sulpliate  thus  formed  bein^ 
insoluble  in  a  solution  of  sulphate  of  potash. 

Before  the  BLOw-nPB^pxotoxyde  of  cerium  beeomei  oonverted 
into  the  sesquioxyde,  which  borax  and  the  salt  of  phoaphonis 
(microoosmic  salt)  diaflolve  in  the  exterior  flame^  and  yield  a 
red  glass  [or  orange  yellow]  the  colour  of  which  becomes 
weaker  on  cooling,  so  as  often  to  entirely  disappear.  This 
colour  ia  completely  dissipated  in  the  interior  flame. 

Solutions  of  protoxide  of  cerium  may  be  disfcingnished  from 
solutions  of  alkalies,  and  from  those  of  baryta,  strontia,  lime, 
and  magnesia,  by  the  same  characters  which  establish  a  differ- 
ence between  these  and  the  solutions  of  alumina.  Frotoxyde 
of  cerium  differs  from  alumina  and  from  ghusina  by  its  inscdu- 
bility  in  an  excess  of  potash.  It  differs  fix>m  thorina  only 
because  thorina  does  not  assume  a  brick  red  colour  like  the 
protoxyde  of  cerium  when  submitted  to  a  red  heat,  nor  does  it 
give  a  coloured  glass^  either  before  or  after  cooling  (provided 
it  contains  no  peroxyde  of  iron)  when  treated  before  the  blow- 
pipe with  borax,  or  with  microcosmic  salt.  Lastly,  it  differs 
from  yttria  by  the  same  character,  and  also  by  the  behaviour 
of  its  solutions  with  sulphate  of  potash. 

Alkalies  do  not  pirecipitate  proto^de  of  cerium  from  its 
solution,  which  contains  non-Tolatile  organic  substances. 

20.  SES<iUIOXYDE  OF  CERIUM  £Ce,0,J. 

Sbsqitioztdb  of  cerium— jNimsyife  qf  eermn-^oaeifde  eiriqve) 
is  pulverulent,  and  of  a  brick  red  colour — soluble  in  hot  muri- 
atic acid,  with  disciigagcmcut  of  chlorine  ;  tlic  solution  contains 
then  a  protochloride  of  cerium^  and  behaves  therefore  with 
re-agents  in  the  same  manner  as  the  solutions  of  protoxyde  of 
cerium.  Even  when  the  sesquios^de  of  cerium  has  been  dis- 
solved by  boiling  it  in  dilute  sulphuric  acid,  this  solution 
behaves  with  re-agents  in  the  same  manner  as  the  solutions  of 

>  Widi  microcasmie  ml^  however,  Borzelius  says  thftt  thUt  oxyde  jrields  s  fine 
red  glaas,  but  whidi  diaftppesrs  on  cooling,  and  isM  ekw  m  watar.— Ed, 
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tfce  pfPOtosyde Nevertheless,  the  white  precipitates  of  prut- 
oxyde  of  cerium  have  soiiictimes  a  yellow  tinge',  which  is 
owing  to  a  certain  quantity  of  sesquioxyde  which  they  oontam. 


The  French  edition  has  tibe  foUowing  addition  by  E.  Peligot 

LANTHANUM. 

M.  ^Mosander  discovered,  in  1839,  iu  the  mineral  called 
cerite  of  Bastuaes,  a  new  metal,  to  which  he  gave  the  name  of 
bnthannm,  Oxyde  of  cerium  extracted  from  cerite  by  the 
Qsnal  method  contauis  about  two-fifths  of  its  weight  of  oxyde 
of  lanthanum,  which  differs  but  little  from  cerium,  in  which  it 
is,  as  it  were,  hidden;  hence  the  name  given  by  Moaander  to 
his  new  element'. 

OXYDE  OF  LANTHANUM  Cl^nO). 

( Ox}(de  lam/lhan  i>i  lu.) 

OxvDE  of  hulthanum  diQcrs  from  oxyde  of  cerium,  because 
it  is  soluble  in  weak  acids,  whilst  oxyde  of  cerium  is  not  thus 
acted  upon;  it  is  piepafcd  by  calcining  the  nitrate  of  cerium, 
whidh  is  mixed  with  nitrate  of  lanthanum*  and  treating  the  red 
oxyde  which  constitutes  the  mixtures  of  the  two  oxydes  by 
nitric  acid  diluted  with  100  parts  of  water. 

Oxyde  of  lanthanum  has  a  red  brick  colour.  Hot  water 
changes  it  into  a  white  hydrate,  which  has  an  alkaline  reaction. 
It  displaces  ammonia  from  its  combinations  and  is  sohible  in 
the  weakest  adds ;  it  has  very  decided  basic  properties. 

Salts  of  lanthanum  have  an  astringent  taste,  without  sweet- 
ness ;  their  ciystais  are  ordinarily  of  a  pink  tint.  Sulphate  of 
potash  does  not  precipitate  them  unless  they  be  mixed  with 
salts  of  cerium. 

*  BeauiM  tho  sesqoknqrile  is  Mdneed  to  the  protoxyde  <if  oefinm. — Ed. 

'  When  A  solution  of  OMUrtio  potash  is  ponrad  in  the  solution  of  a  salt  of  per- 
oxyde  of  ct»rium  (DERZELirs),  a  mucilaginotiB  pale  yellow  precipitate  of  (hydrate 
oerique)  hydratod  sesquioxydti  is  formed,  which  becomes  of  »  deep  yellow  colour 
hy  drjing. — Ed. 

*  From  \aj/9wtWf  to  hide  one's  self. 
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Sulphuret  of  huitlmuum  iiiuy  be  produced  by  strongly  heating 
oxyde  of  lantlianum  in  the  vapour  of  bisulphurct  of  carbon ;  it 
has  a  pale  yellow  colour,  and  decomposes  water  with  a  discn- 
gagement  of  sulphuretted  hydrogen^  and  is  oouTerted  into  the 
hydrate. 

Oryde  of  lanthanum  is  not  reduced  by  potassium ;  but  this 
metal  separates  from  cliloride  of  lanthanum  a  grey  powder, 
which  is  oxydised  by  water,  with  disengagement  of  h}  drogcn, 
and  becomes  at  the  same  time  converted  into  a  white  hydrate. 
This  powder  is  lanthanum. 

Since  the  publishing  of  his  memoir,  M.  Mosander  has  an- 
nounced that  ceritc  contains  a  third  metal,  to  ^\  lie  refers 
the  pink  colour  of  the  salts  of  lanthanum :  he  named  it  Didy- 
mum,  (d^fiot,  twin),  to  recall  to  the  mind  its  resemblance  with 
lanthanum,  and  the  power  with  which  these  salts  persist  in  their 
union  with  those  of  lanthanum  \ 


14.  ZIRCONIA  [Zi\()J. 

Hydrate  of  zirconia  forms,  like  that  of  alumina,  a  mass 
having  a  shght  tinge  of  yellow,  and  of  a  homy  appearance,  and 
which,  whilst  moist,  readily  dissolves  in  acids,  for  example,  in 
muriatic  acid,  especially  with  the  application  of  heat.  In  the 
dry  state  it  is  less  soluble  in  acids.  At  a  red  heat  it  becomes 
incandescent,  and  after  ijz:nition  the  zirconia  has  a  perfectly 
white  colour.  In  that  state  it  is  insoluble  in  almost  all  acids; 
yet,  after  having  been  boiled  for  a  long  time  with  sulphuric 
add*,  it  becomes  soluble  in  boiling  water.  It  is  infusible  and 
very  hard. 

A  solution  of  potash  produces,  in  solutions  of  stdts  of  ziiconia, 

^  According  to  HonniiiD,  a  white  flocculent  precipitate  is  produced  in  solutions 
of  oxydc  of  luiitlianum  hy  fluoride  of  sodium.  Phosphoric  and  oxalic*  ncirls  yield 
also  white  precipitates,  which  arc  slightly  soluble  in  ao  excCM  of  tlie  acid.  FeiTO- 
cyanuiet  of  potassium  gives  a  white  precipitate. — Ed. 

*  Acoonlmg  to  Bcrzeliusi  it  should  be  caixfuUy  and  finely  pulTcrised  before  put- 
tfqg  H  in  the  nlpliiirie  acid,  in  ocdor  to  promoto  its  toliition  ;  and  tlw  lolphiiiie  add 
•hcoldlMdilQtodiriflialHwtilaownivdglitaff^^  The  aoliilmi  iboaia  bo  erapc 
rated  to  dryness  in  a  pktinum  crucible,  yet  Avoidiog  a  nd  liea^  and  the  enlphate 
of  abcoonia  may  then  be  diaiohred  in  boiling  watar.—Eo. 
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like  in  those  of  salts  of  aluuiiua,  a  bulky  precipitate  of  hydiate 
of  urconia,  insoluble  in  an  excess  of  the  re-agent. 

Ammonia  behaves  in  the  same  maimer. 

Solutioii  of  CA&BONACB  OF  POTA8R  defwRiuiieB,  In  solutions  of 
liioonia,  a  volmmnoiis  precipitate  of  carbonate  of  ziiconia, 
soluble  in  a  large  excess  of  the  re-agent. 

Solution  of  BICARBONATE  OF  POTASH  behavcs  iu  the  same 
manner^  *  but  it  dissolves  a  little  more  siroonia. 

Solution  of  CARBONATE  Of  AMMONIA  veacts  in  the  same 
manner;  an  exoess  of  the  re-agent  redissolyes  also  the  precipi- 
tate a  little  more  freely  than  solution  of  carbonate  of  potash. 

A  solution  of  phosphate  of  soda  produces  a  voluminous  pre- 
cipitate of  phosphate  of  arconia  in  sdntions  of  siroonia. 

A  solution  of  oxalic  acid  gives  a  bulky  precipitate  of  oxalate 
of  sreouiay  which  is  sdabte  <mly  in  a  great  excess  of  mnriatio 
acid. 

A  concentrated  solution  of  sulphate  of  potash  determines, 
after  some  time,  a  white  precipitate^  which  is  a  double  sulphate  of 
potash,  and  of  nrconia^  soluble  in  a  large  quantity  of  muristic 
add.  When  this  precipitate  is  produced  in  a  hot  solution  it  is 
almost  insoluble  in  water  and  in  acids. 

A  solution  of  FEHRocYANURET  OF  POTASSIUM — ycttow  pntasioie 
•—produces  a  white  precipitate. 

A  solution  of  fxbbictanitut  of  fovassivm— ««<f  prifaita^e  qf 
potash)  does  not  form  any  precipitate. 

Hydrosulphuret  OP  AMMONIA  produccs  a  bulky  precipitate 
of  hydrate  of  zirconia.  *  An  extremely  feeble  quantity  of  sesqui- 
oxjde  of  iron  ipcroxyda  of  iron — oxyde  ferrique)  mixed  with  the 
siroonia^  is  sufficient  to  render  this  precipitate  of  a  grey  or  of  - 
a  black  colour. 

Sulphuretted  hydrogen,  in  solution  or  iu  the  gaseous  statCj 
does  not  form  any  precipitate. 

Neutral  solutions  of  nroonia  redden  litmus  paper. 

The  salts  of  siroonia^  which  are  soluble  in  water^  are  decom- 
posed by  a  red  heat. 

The  compounds  which  zirconia  forms  with  acids^  when  not 
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soluble  in  water^  are,  in  some  tiases, difficult  to  dirtingirinh  from 
pure  zircoiiia. 

It  is  impossible  before  the  blow-pipe  to  dUtin^uish  in  a  satis- 
fiustoiy  manner  xiioonia  firom  snbstanoes  which  resemble  it. 
*  Heated  with  the  Uow-pipe,  it  gives  a  Teiy  powerful  light  ^ 

Solutions  of  zirconia  are  distinguished  from  those  of  the 
alkalieSj  and  likewise  from  those  of  baryta,  strontia,  lime,  and 
mftgnfwriai  by  the  same  characters  which  establish  a  difference 
between  these  and  the  solutions  of  alumina.  Zirconia  is  dis- 
tinguished from  alumina  and  from  gludna  by  its  insolubility 
in  an  excess  of  potash ;  firom  thorina  and  yttria,  because  when 
a  hot  solution  of  sulphate  of  potash  is  poured  in  a  solution  of 
zirconia^  a  precipitate  is  obtained,  almost  insoluble  in  water^  and 
even  in  adds  *,  whilst  the  precipitates  furnished  by  thorina  and 
yttria  are  soluble  in  a  great  quantity  of  water.  Srconia  differs 
also  from  jrttria,  because,  after  having  been  subjected  to  a  red 
heat,  it  is  insoluble  in  acids,  except  iu  sulphuric  acid,  whilst 
yttria,  treated  in  the  same  manner,  is  pretty  easily  soluble  in 
muriatic  acid.  Lastly^  it  may  be  distinguished  from  protoi^de 
of  cerium,  because,  when  exposed  to  a  red  heat,  it  does  not 
assume  the  red  brick  colour  as  sesquioxyde  of  cerium  does,  and 
because,  when  treated  before  the  blow-pipe  either  with  borax  or 
salt  of  phosphorus  (microscomic  salt),  it  yields  a  glass  which  is 
colourless,  both  before  and  after  cooling,  provided  always  that  it 
contains  no  iron. 

The  presence  of  non-volatile  organic  substances  prevents  the 
precipitation  of  zirconia  from  such  solutions  by  alkalies  \ 

*  Beradhu  says,  that  this  substance  throws  before  tlie  1  luw-pipc  a  more  powurful 
Ught  tiuai  aaj  he  «v«r  tried;  ttitsodaoUqg  wm  hy  da^Ught  A«t<lMC7«cuiluurdly 
hotr  it— Ed. 

'  This  insoluble  combinatioa,  aecording  to  Berzelioi,  k  « iMiie  salt  in  wUdk  Hie 

acid  is  combined  witli  h\\  times  as  much  base  as  in  the  neutral  salt, and  the  quantity 
of  j>otash  is  at  the  saino  time  so  ranall,  that  it  might  be  looked  tipon  as  not  being 
e«)Hential  to  the  combinatiuu  if  sulphate  of  aoda  did  produce  an  analogous  preci- 
pitate, whidi  however  it  docs  not. — £o. 
3  Sulphite  of  emmonia  hi  exoen  produoee  the  Hune  effbet— Eo. 
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15.    OXYDES  OF  MANGANESE. 

1^.  PBOTOXTDB  OH  UAKOANKR  £M0]. 

iOxjfde  Mantgmieiue.} 

In  analytical  mearchea  protoiyde  of  manganese  is  seldom 
met  witb  in  a  state  of  purity',  but  when  this  occurs  it  is 

pulverulent,  and  of  a  greyish-green  colour.  By  exposure  it 
gradually  absorbs  oxygen^  provided  it  be  not  kept  at  too  high 
a  temperature,  and  becomes  hrown^  a  circumstance  which  does 
not  take  place  when  prepared  under  the  influence  of  a  high 
heat  *.  When  free  from  deutoxyde  of  manganese  it  dissolires  in 
hot  muriatic  acid  without  chlorine  being:  disengaged.  The 
hydrate  of  protoxyde  of  manganese  is  white,  but  it  \  cry  rapidly 
absorbs  the  oxygen  of  the  air,  in  consequence  of  which  it  soon 
assumes  a  brown  colour.  Its  salts  are  white^  yet  they  gene- 
rally hare  a  feeble  red  or  pink  tint.  Once  in  the  saline  state, 
and  even  then  when  dissolved,  protoxyde  of  manganese  is  not 
converted  into  deutoxvde  bv  the  contact  of  the  air. 

A  solution  of  fotasu  produces  in  solutions  of  protoxyde  of 
manganese  a  white  precipitate  of  hydrate  of  protoj^de,  which 
by  exposure  speedily  becomes  yellowish,  then  brown^  and,  lastly, 
black ;  all  these  changes  are  the  result  of  the  absorption  of  the 
oxygen  of  the  air,  and  is  more  particularly  observable  at  those 
points  which  are  in  contact  with  the  air  \  If  in  a  solution  of 
protoxyde  of  manganese  a  solution  of  miuiate  of  ammonia  be 

i  Though  protoxyde  of  mangaueae  is  seldom  met  with  in  the  pure  tUUc,  it  is  tbiu 
oxjrde  wfaicfa  forms  the  tie  of  nearly  all  the  wJU  of  mangMirwi,  for  the  Baits  of  tho 
p<twyde  resolTa  tfMnMhw  moel  eaaOy  into  tails  of  prolosyde  with  dlMiigageiiMnt 

*  lUs  vefera  to  tho  two  modes  of  preparing  protoxyde  of  manganese,  one  of  whii  h 
proccts!*^*!  is  Professor  Faraday's,  which  consists  in  first  obtnining  a  protoclilnri<li'  of 
man,':in<  s<-,  by  submitting  the  peroxyde  to  fusion  nitli  hal-amuioniac,  lixiviating, 
evaporating  to  dryneas,  and  fusing  Uio  residuum  again  with  a  small  (quantity  of 
sal^tfuiDoniae  and  a  quantity  of  pure  anhydrans  caibonnte  of  iodn  in  •  corored 
cmeibis.  Bjlisdvisling  withwaler»agrqriah.greeninroto«7deisl«f^ii^^ 
waalied  and  dried  witfioatfiu-tiier  inydisement;  bnt  wlien  protoxyde  of  manganese  is 
reduced  at » loir  lonporBtiin  by  means  of  hjdngsngai^  itaoqinrss  oaygen  from  the 
air. — Eo. 

'  Thia  black  or  browninh-black  powder  is  a  liydrato  of  peroxyde. — £d. 
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poured,  and  next  after  that  a  solution  of  potash^  a  white  preci- 
pitate is  likewise  produced,  bat  not  so  abundantly,  and  which 
does  not  torn  brown  so  rapidly  by  contact  with  the  air. 

Ammon  ia  produces  iu  neutral  solutions  of  proto-salts  of  man- 
ganese a  white  precipitate  of  hydrate  of  protoxyde,  which  by 
exposure  speedily  turns  brown,  and  ultimately  black  wherever 
it  is  in  contact  with  the  air^  If  a  solution  of  muriate  of 
ammonia  have  first  been  poured  in  a  solution  of  protoxyde  of 
niaiiji^aTicsc,  ammonia  does  not  produce  any  precipitate.  A 
solution  of  muriate  of  ammonia  readily  dissolves  the  preci- 
pitate which  ammonia  may  have  determined  in  solutions  of 
protoxyde  of  manganese ;  but  such  a  solution,  if  left  eiposed  to 
the  air,  though  dear  and  limpid  at  first,  gradually  becomes 
l)rown,  and  deposits  deutoxydc  of  iiian^uucsc  iu  the  shape  of  an 
insoluble  brownish-black  powder.  This  phenomenon  is  first  pro- 
duced at  the  sur&oe  of  the  liquor,  and  the  oxyde  which  has  there 
separated  adheres  to  the  sides  of  the  Tessel.  When  a  preci- 
pitate has  been  produced  in  a  solution  of  protoxyde  by  pouring 
ammonia  into  it,  and  if  the  whole  be  left  exposed  for  a  long 
time,  until  in  fact  the  precipitate  has  become  brown,  a 
solution  of  muriate  of  ammonia  dissolves  the  protoxyde  which 
may  be  still  left,  but  does  not  act  upon  the  brownish-black 
deutoxyde  which  has  been  Ibimed  under  the  influence  of  I3ie 
atmosphere. 

A  solution  of  carbonate  of  potash  determines  in  solutions 
of  protoj^de  of  manganese  a  white  precipitate  of  carbonate  of 
manganese,  which  does  not  undergo  any  change  of  colour  by 
exposure*,  and  which  is  but  sparingly  soluble  in  a  solution  of 

muriate  of  ammonia. 

*  According  to  Bcrzclius,  caustic  ammonia  poured  in  a  neutral  solution  of  }>rot- 
oxyde  of  manganese  precipitates  lialf  the  oxydc  Uicrefrom,  and  foims  with  tJic  other 
htU  a  double  in  which  Minnooi*  «nd  protoxyde  of  nuuigaiMie  atonte  the  nine 
quantity  of  add.  If  die  iohitfoii  he  add,  ammonht  forma  a  doable  ttJt,  aod  no 
precipitate  ie  prodnoed,  bowerw  huge  the  exeev  of  aauaooia  added  to  the  aohition 
may  be.— Ed. 

'  Berzeliua  says,  thnt  the  wliitc  [srocipitntos  formed  by  the  nlknlnif  cnrlvonatea 
in  sohitions  of  salts  of  protoxyde  of  manganefle, aBaume  after  aome  time  an  ainethyat 
colour,  when  left  exposed  to  the  air. — £d. 
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A  solution  of  BICARBONATE  OF  POTASH  pioduces  a  white  pre- 
cipitate in  solutionB  of  protoxyde  of  manganese ;  this  precipitate 
reqniies  some  time  for  its  prodnetioii  when  the  solutions  are 
dihited.  If  a  sohition  of  protoxyde  contains  any  mnriate  of 
ammonia,  bicarbonate  of  potash  does  not  create  an  immediate 
precipitate,  but  after  some  time  one  appears. 

A  solution  of  CARBON  AT£  OP  AMMONIA  determines  iu  solutious 
of  protoxyde  of  manganese  a  white  precipitate  of  carbonate  of 
manganese^  which  does  not  change  colour  by  contact  with  the 
air,  and  which  is  almost  insoluble  in  a  solution  of  muriate  of 
ammonia. 

A  solution  of  ruosruATfi  of  soda  produces  in  solutions  of 
protoxyde  of  manganese  a  white  precipitate  of  phosphate  of 
manganese  inalterable  by  exposure. 

A  solution  of  oxalic  acid  determines  after  some  time  in 
neutral  solutions  of  protoxyde  of  manganese  a  white  ciystallinc 
precipitate  of  oxalate  of  manganese  insoluble  in  free  oxalic 
acid This  crystalline  precipitate  of  oxalate  of  manganese  is 
formed  even  when  a  sohition  of  oxalic  add  is  poured  in  a  concen- 
trated solution  of  sulphate  of  protoxyde  of  manganese,  but  the 
crystals  in  question  are  not  produced  in  dilute  solutions.  These 
cryjitals  are  likewise  soluble  in  sulphuric  or  in  muriatic  acid. 
Solutions  of  oxalates  produce  the  same  crystalline  precipitate  of 
oxalate  of  manganese  in  dilute  solutions  of  protoxyde  of  that 
metaL  If  a  solution  of  oxalic  add^  or  of  an  oxalate,  be  poured 
into  a  dilute  solution  of  protoxyde  of  manganese^  and  no  pre- 
cipitate be  thereby  formed,  an  addition  of  ammonia  determines 
its  production.  Yet  if  the  solution  of  protoxyde  of  manganese 
contain  muriate  of  ammoniaj  or  if  it  be  add^  or,  lastly,  if  a  con- 
dderable  quantity  of  oxalic  add,  or  of  an  oxalate,  have  been 
poured  into  it,  the  further  addition  of  ammonia  does  not  form  any 
precipitate ;  but  if  the  liquor  be  then  left  exposed,  an  insoluble 
brownish-black  predpitate  of  sesquioxyde  of  manganese  subsides. 

A  solution  of  fekroctanubst  or  votassium — yelUnoprutriaie 

>  Oxalate  of  manganese  is  spftrmgly  aoluble  in  water,«nd  in  drying  its  white  ook>ur 
■twinw  ft  pink  hoe. — Ed. 
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of  potash — ^produces  in  solutions  of  protoxyde  of  iimugancsc  a 
white  precipitate  with  a  reddish  [or  orange  grey]  colour,  and 

floluble  in  free  acids 
Asolntion  of  fbebicyamuiiet  of  potassium— wrf  animate  qf 

potash — gives  a  brown  precipitate  insoluble  in  free  adds. 

*  Infusion  of  galls  produces  no  precipitate  in  neutral  solu- 
tions of  protoxyde  of  manganese. 

Htdrositlpbvbbv  op  ammonia  determines  in  neutral  solu- 
tions of  protoxyde  of  manganese  a  precipitate  of  a  £esh  colour 
inclmin":  to  yellow^  which  is  sulphuret  of  manganese.  In  order 
to  judge  well  of  the  colour  of  the  precipitate,  when  not 
abundant,  it  should  be  examined  only  after  it  has  entirely 
subsided  at  the  bottom  of  the  vessel,  because  its  tint  does  not 
appear  pure  whilst  it  is  suspended  in  the  liquor  which  is  tinged 
yellow  hy  tlic  excess  of  the  re-agent,  on  account  of  the  great 
quantity  of  sulphur  which  it  holds  in  solution.  The  precipitate 
is  insoluble  in  an  excess  of  hydrosulphxu-et  of  ammonia.  AVhen 
the  flesh-coloured  precipitate  of  sulphuret  of  manganese  is 
exposed  to  the  air^  which  occurs^  for  example^  whilst  gathering 
it  on  the  filter,  its  surface  soon  becomes  oxydised,  and  in  a  short 
time  it  becomes  brownish-black. 

*  If  the  salt  of  protoxyde  of  manganese  contain  any  trace  of 
iron^  the  precipitate  produced  by  hydrosulphuret  of  ammonia 
will  appear  grey  or  even  black*. 

Sulphuretted  hydrogen  in  aqueous  solution^  or  in  the 
gaseous  state,  produces  no  precipitate  of  sulphuret  of  manganese 
in  neutral  solutions  of  protoxyde  of  manganese,  unless  the  acid 
which  constitutes  the  salt  be  a  veiy  weak  add;  but  after  the 
addition  of  solution  of  sulphuretted  hydrogen,  a  pale  flesh- 
coloured  precipitate  of  sulphuret  of  manganese  is  formed  by  the 
further  addition  of  ammonia. 

*  Aqueous  solution  of  sulphuretted  hydrogen  gas  does  not  at 
first  produce  any  precipitate  in  a  solution  of  neutral  acetate  of 
manganese  i  but  after  some  time  a  little  sulphuret  of  manganese 

'  Berzelius  says,  that  the  j)r».(  ij  itat."  j>ro(1uced  by  fc rrocj wauret  of  potasMum  is 
white,  and  gradually  becomes  pjiikiHli  by  exposure. — Ed. 
>  Owing  to  die  sulphuret  of  iroD  tli«D  produced,  and  ivUdi  b  bhck^Eo. 
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separates.    If,  however,  free  acetic  acid  be  added  to  the  liquor, 
no  precipitation  of  sulphurct  of  maugaaese  takes  place'. 

Among  tlie  salts  of  protoxyde  of  manganese  which  are  soluble 
m  mXier,  and  which  contain  no  oiganic  adds^  the  sulphate  is  * 
the  only  one  which  may  be  exposed  to  a  red  heat  in  contact 
with  the  air  without  undergoinj^  decomposition ;  but  even  tkis 
salt,  if  submitted  to  too  strong  a  heat,  is  no  longer  completely 
soluble  in  water. 

Solutions  of  salts  of  protoxyde  of  manganese  have  no  action 
upon  blue  litmus  pi^er. 

The  combinations  of  protoxyde  of  manganese  with  acids 
which  in  the  neutral  state  iwe  not  soluble  iu  water,  dissolve  in 
free  acids ;  for  example,  in  dilute  sulphuric  acid  or  in  muriatic 
add.  The  presence  of  protoxyde  qf  manganese  in  such  solu- 
tioDB  can  be  detected  by  neutralising  the  free  add  with 
anunonia,  and  then  adding  hydrosulphuret  of  ammonia^  which 
produces  the  characteristic  yellowish  flesh-coloured  precipitate 
of  sulphuret  of  manganese.  The  salt  of  protoxyde  of  manganese, 
insoluble  in  water,  is  ordinarily  precipitated  by  ammonia  with  its 
peculiar  white  colour  of  hydrate  of  manganese,  which  the  addi- 
tion of  hydrosulphuret  of  ammonia  converts  into  a  flesh-coloured 
predpitate.  When  protoxyde  of  manganese  is  combined  with 
an  acid  precipitable  by  hydrosidphurct  of  ammouia  in  the  state 
of  sulphuret,  such  as,  for  example,  arscniate  of  manganese 
[by  which  a  sulphuret  of  arsenic  is  formed  at  the  same  time], 
it  is  necessary  to  add  an  excess  of  hydrosulphuret  of  ammonia^ 
whidi  dissolTes  the  metallic  sulphuret  [sulphuret  of  arsenic] 
produced,  whilst  sulphuret  of  manganese  remains  undissolved*. 

Salts  of  protoxyde  of  manganese  are  very  remarkable  and 
well  characterised  by  their  behayiour  before  the  blow-pipe. 
When  exposed  to  the  exterior  flame  upon  diarcoal  with  borax, 

pnUmhB  of  manganese,  but  that,  after  a  oertiin  time,  a  laown  praeipitate  ftlli 
down,  owing  to  the  (kvompoHition  of  the  chromate. — Ed. 

'  Most  salts  of  pnitowdc  of  Tnanf^nncw  nre  soluble  in  water,  and  their  RoltiJirms 
are  colourlesa  or  pinkish,  and  often  become  turbid  or  brown  b^  exposure  to  Uio  air. 
—-En. 
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or  niicrocosmic  salt,  tbey  dissolve  and  assume  au  amethyst 
colour,  which  completely  disappears  in  the  interior  flame,  and 
re-appean  in  the  exterior  one\  The  smallest  quantities  of 
a  salt  <tf  protoxyde  of  manganese  may  be  detected  before  the 
blow-pipe  by  fusing  them  with  soda  on  a  platinnm  foil ;  the 
melted  mass  then  assumes  a  green  tint  '. 

Solutions  of  proto-salts  of  manganese  are  so  well  distinguished 
by  their  behaviour  with  hydrosulphuret  of  ammonia,  that  it  is 
impossible  to  conibDnd  them  with  those  of  the  alkalies  and  of 
the  earths. 

*  Nou-volatilc  qiigamc  sudstances,  for  example,  tartaric 
acid,  may  interfere  with  the  precipitation  of  protoxyde  of  man- 
ganese from  such  solutions.  When  a  solution  of  protoxyde  of 
manganese  contains  much  organic,  matter,  the  best  way  is  to 
precipitate  the  oxyde  by  means  of  hydrosulphuret  of  ammouiay 
and  to  try  the  sulphuret  thus  obtained  before  the  blow-pipe. 
If  protoxyde  of  manganese  be  contained  in  organic  substances  in 
the  solid  or  in  the  pasty  state,  it  is  suthcient  to  incinerate  a 
little  of  the  mass  upon  a  piece  of  platinum  foil  before  the  flame 
of  the  blow-pipe,  and  to  melt  the  residuum  with  soda  upon 
platinum  foil. 

2°  DEUTOXYDE  OF  MANGANESE,  MngO,. 

[assquioxYDE  op  manganb8B.J 

( O.ryih  Mangnniquf') . 

Pure  deutoxydc  of  manganese  {oan/de  manganique)  has  a 
black  colour,  or  when  in  a  state  of  extreme  division  it  has  a 
brown  tint.  When  its  powder  is  not  too  fine,  it  is  black.  It 
dissolves  in  muriatic  add,  with  which  it  produces  a  deep  brown 

*  Aeoording  ta  Bendiaa,  wfaw  tiie  proportum  of  protoxyde  of  manguieae  is  twj 
toifo,  it  umam  with  bona  meh  a  deep  ametliTat  tint  in  the  exterior  flame  that 
it  appears  black  ;  by  drawin:;  it  into  a  thread,  howerer,  its  proper  eolonr  may 

bo  Boon.  With  salt  of  phogphorus,  the  colour  is  never  so  deep  as  to  cease  being 
tmnsparent.  If  tlio  class  proilucod  l>y  thr  salt  *^f  phosjihoniB  contains  so  feeble  a 
quantity  of  manganese  as  not  wnsibly  to  colour  the  r;las tlu'  eolonr  may  be  ren- 
dered manifest  by  the  application  of  a  crystal  of  saltpetre  on  the  li(juid  bead,  which 
eanoea  tibe  maee  to  frodi  ap^  and  Him  froUi  on  lioiling  aeramee  a  pale  pink  or  an 
amethyst  colotir,  aMovdmg  to  the  qoMitily  of  maqgueee  oontained  thereiik^ED. 

*  In  tfiJa  menner       of  manganeee  imperia  a  eeniible  green  eolonr  to  the  ooda. 

— ElK 
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liquid,  which  even  iu  the  cold  exhales  the  smell  of  chlorine^ 
because  there  is  always  a  portiou  of  deutochloride  of  manganese 
nndergomg  reduction  to  the  state  of  protochloiide.  When 
dentochkride  of  manganese  is  boiled  with  muriatic  add,  the 
fbrmation  of  pratoehloride  of  manganese  is  rapid :  the  liquor 
loses  then  its  deep  hue,  whilst,  at  the  same  time,  a  strong 
smell  of  chlorine  is  evolved.  The  boiled  solution  behaves  then 
with  re-agents  like  a  solution  of  protoxyde.  If  deutoxyde  of 
manganese  be  digested  with  sulphuric  add^somewbat  diluted,  it 
dissolves  and  produces  a  violet  liquor  which,  being  submitted  to 
ebullition,  is  decomposed  and  disengages  oxygen  gas ;  but  the 
reduction  is  less  rapid  than  that  of  the  solution  in  mmnatic 
acid ;  yet  the  decomposition  is  easily  effected  when  the  solution 
is  heated,  adding,  at  the  same  time,  non-vobttile  organic  sub- 
stances thereto,  toae  example,  sugar.  Deutoxyde  of  manganese 
is  Tcry  sparingly  soluble  in  nitric  add.  The  solution  is, 
however,  rapidly  cflectrd  with  disenp;a<i;cmcnt  of  carbonic  acid 
gas  when  sugar  or  other  organic  substances  are  added;  the 
liquid  thus  obtained  is  colourless  and  contains  protoxyde  of 
manganese. 

The  hydrate  of  deutoxyde  of  manganese,  whidi  is  found  in 
nature,  is  very  much  like  the  peroxyde,  and  in  commerce  may 

often  be  mistaken  for  it,  because  it  has  a  black  colour  when  in 
crystals  like  that  of  the  peroxyde,  and  because  it  is  necessary  to 
reduce  it  in  extremely  fine  powder  to  develop  the  brown  colour 
which  characterises  that  obtained  by  predpitation.  It  may, 
however,  be  distinguished  from  the  peroxyde,  because  it  gives 
a  brown  streak  upon  unglazcd  china,  whilst  peroxyde  gives  a 
black  streak,  and  also  because  it  disengages  aqueous  vapours 
when  heated  in.  a  small  glass  tube,  closed  at  one  end. 

Before  the  BLow-rm,  deutoxyde  of  manganese  and  its  com- 
binations behave  like  protoxyde  and  proto-salts  of  manganese. 

A  solution  of  POTASH  produces  a  voluminous  brown  precipitate 
when  poured  in  the  muriatic  solution  of  deutoxyde  of  man- 
ganese. The  presence  of  muriate  of  ammonia  does  not  hinder 
the  action  of  this  test,  nor  of  the  following  ones. 

p2 
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Ammonia  behaves  in  the  same  maimer. 
Aaolution  of  cakbonats  of  potash  detemiineaaTolumiiioiis 
brown  precipitate  of  bydrate  of  dentoxyde  of  manganese  in  tbe 

muriatic  acid  solution  of  deutoxyde  of  manganese. 

A  solution  of  bicabbonatk  of  potash  produces  the  same 
effect. 

A  sobition  of  CARBONATE  ov  AMMONIA  bebsves  in  tbe  same 
manner. 

A  solution  of  phosphate  of  soda  forms  a  brown  precipitate 
of  phosphate  of  manganese  in  the  muriatic  add  solution  of  the 
deutoxyde;  but  this  solution  must  tiien  previously  be  neu- 
tralised as  exactly  as  possible  with  ammonia.  This  precipitate 
has  a  lighter  colour,  and  is  still  much  more  bulky  than  those 
obtained  by  the  preceding  re-a^cnts. 

A  solution  of  oxalic  acid  does  not  produce  any  precipitate 
in  the  solutions  of  deutoxyde  of  manganese.  Yet,  after  a  certain 
time,  the  liquor  becomes  colourless. 

A  solution  of  vbrboctanubbt  ov  potassium  (yellow  pnusiate 
of  potash)  determines  a  greyish-green  precipitate. 

A  solution  of  fekhicyanuret  of  potassium  yields  a  brown 
precipitate  in  that  solution,  as  well  as  in  those  of  protoxyde  of 
manganese. 

Hydbosulphurbt  of  ammonia  produces  in  a  solution  of 

deutoxyde  of  manganese,  previously  saturated  with  ammonia, 
the  same  flesh-coloured  precipitate  of  sulpliurct  of  manganese 
as  in  solutions  of  protoxyde  of  manganese.  If  the  solution  of 
deutoxyde  of  manganese  has  been  saturated  with  ammonia^  and  if 
the  deutoxyde  has  thus  been  precipitated  in  the  form  of  a  deep 
brown  powder,  this  precipitate  becomes  flesh-coloured  and  is 
converted  into  sulphuret  of  manganese  by  the  addition  of 
hydrosulphuret  of  ammonia. 

Sulphuretted  hydrogen,  either  liquid  or  gaseous, determines 
in  solutions  of  deutoxyde  of  manganese  a  milky  white  precipi- 
tate of  sulphur,  whilst  the  deutoxyde  is  reduced  to  protoxyde  of 
manganese. 
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y  RED  OXYDE  OF  MANGANESE  Mn()  +  Alii.  O,. 

[MANGANOSO  lUXOAMlC  OXrDE.J 

(Ox^  Maiigamo^mitgtmigm), 
*  A  COMBINATION  of  proto^dc  and  of  dentozyde  of  manga- 
nese (MnO-f-Mn,Oj)  is  formed  when  a  mixture  of  carbonate 
of  proto.vyde  of  manganese,  and  of  deutoxyde  or  of  peroxyde 
of  siangaucse  are  exposed  to  a  strong  red  heat  in  contact  with 
the  air\  This  combination  is  likewise  met  with  in  nature.  It 
has  a  hrown-xed  colour,  and  is  unalterable  in  the  air.  When 
boiled  with  concentrated  nitric  acid,  it  is  converted  into  pro- 
toxyde  of  manganese,  which  dissolves  in  the  acid  and  into 
deutoxjde  of  manganese,  which  remains  undissolved. 

40.  PEROXYDE  OF  MANGANESE  MnO,. 
(Suroxyde  de  Mamganhe.) 

PERoxYna  of  manganese 'is  blacky  and  its  crystals  leave  a 
streak  of  a  pure  black  upon  unglased  china.  When  exposed  to 
a  red  heat,  it  becomes  brown,  and  disengages  oxygen,  becoming 
conyerted  into  manganoso-manganic  oxyde ;  yet  a  pretty  strong 
heat  is  required  to  produce  this  effect  if  the  calcining  takes 
place  out  of  the  contact  of  the  air.  Pure  peroxyde  of  man- 
ganese does  not  yield  any  water  when  heated  in  a  glass  tube 
dosed  at  one  end, — ^if  when  so  heated,  any  aqueous  vapours 
are  seen,  it  is  a  proof  that  it  contains  hydrate  of  deutoxyde^ 
which  is  of  frequent  occurrence.  Peroxyde  of  manganese  is 
soluble  in  muriatic  acid  with  disengagement  of  chlorine  gas, 
and  gives  a  brown  liquor  which  contains  perchloiide  of  man- 
ganese. *  This  conTersion  takes  place  more  rapidly  when  cer- 
tain organic  substances  are  added,  especially  such  as  are  not 

>  Benettw  mji^  tfast  tiiis  mMigmoiwvnuuigaDio  oxjde  ia  always  fonnad  wheoemr 
aiqr  ^  ojqrdaa  of  tntnganaaa  ac«  aferoni^  boated.  The  natiml  prodnetioii  ia 
callad  Hammamdte  bjr  mineralogists. — Eu. 

5  Tn  commerce,  it  is  known  under  the  name  of  manganrsc.  Mineralogists  rail  it 
pyroluflite  (from  wp,  fiir,  an«l  Kovus,  I  wash),  because  it  has  tho  pmperty  of  dis- 
cliargiii^  the  browu  aud  gi-eeu  tiuttt  of  glass  which  are  caused  hy  peroxyde  of  iron. — 
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volatile,  us  tor  example,  sugur ;  yet,  if  too  much  of  this  last 
substance  be  employed^  the  solution  assumes  a  browu  colour. 
Peroxyde  of  manganese  dissolves  in  sulphuric  acid,  but  heat 
must  be  applied;  oxygen  gas  is  disengaged,  and  »  violet  liqnoi 
is  produced,  whieh  contains' deutoxyde  of  manganese.  It  is 
very  8lip:htly  soluble  in  dilute  sulphuric  acid,  and  also  in  nitric 
acid,  even  thoufrh  a  boiling  heat  be  applied.  The  udditiou  of 
sugar,  or  of  other  organic  substances,  greatly  promotes  the 
solution,  which  is  then  effected  with  disengagement  of  ear- 
bonie  add  gas ;  but  the  re-action  of  the  sulphniic  add  npon 
the  organic  matter  often  causes  the  liquor  to  become  black ; 
this  liquor  contains  protoxyde  of  manganese.  Organic  acids, 
such  as  lor  example  tartaric  add,  dissolve  peroxyde  of  man- 
ganese, and  carbonic  add  is  disengaged  j  the  solution  likewise 
contains  protoxyde  of  manganese.  The  presence  of  organic 
substances  promotes  the  solution ;  but  the  peroxyde  is  then 
converted  into  protoxyde  of  manganese  and  carbonic  acid  is 
disengaged,  but  neither  chlorine  nor  oxygen  gas  are  evolved. 

19.  OXYDE  OP  ZINC  ZbO. 

foXYPK  ZINCIylE]. 

Pure  protoxyde  of  zinc  is  white,  when  heated  it  becomes  of 
a  yellow  lemon  colour,  but  again  becomes  white  on  cooling. 
*  Sometimes,  however,  pure  oxy de  of  sine  retains  after  cooling  a 
pale  yellow  tinge,  especially  when  it  has  been  very  strongly 
heated;  in  many  cases,  on  the  contrary,  tliis  yellow  colour  is 
derived  from  some  peroxyde  of  iron,  with  which  it  is  mixed  *. 

It  is  not  volatihsable  by  heat,  and  readily  dissolves  in  adds, 
even  after  having  been  strongly  heated.  Its  salts  are  abaolntely 
colourless  *. 

A  solution  of  potash  produces,  in  solutions  of  protoxyde  of 
zinc,  a  white  gelatinous  precipitate  of  hydrate  of  protoxyde  of 
mnc,  which  is  re-dissolved  by  an  excess  of  the  le-agent. 

'  Aecordini;  to  Borzelins,  crystallised  oxydc  of  zinc  is  alwa^  yellow,  tnuupiraity 

and  opaque  :  the  crystaln  nif  short  six-sided  prisms  —  Kn. 

*  Except  the  double  chroinate  of  zinc  ;uid  of  poUish,  which  hnu  a  tiuc  orange- 
yellow  coloui*,  aud  cliroiuate  of  ziuc,  which  is  purple  browu. — Ed, 
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A^iMONiA  behaves- in  the  same  manner. 

A  sohitiQii  of  OAEBOKATB  09  POTASH  determines  in  solutions  of 
Qzyde  of  sine  a  white  ]^recipitate  of  subcarbonate  of  sine,  which 
is  altogether  insoluble  in  any  excess  of  the  re-agent^  but  which, 
on  the  contrary,  is  readily  dissolved  by  solution  of  potash,  or  of 
ammonia.  If  the  solution  contains  much  muriate  of  ammonia, 
solution  of  carbonate  of  potash  does  not  produce  any  precipitate 
in  the  cold ;  but  after  prolonged  boiling  a  precipitate  appears, 
because  the  ammoniacal  salt  is  easily  decomposed  by  boiling  (m 
contact  with  an  alkali,  or  an  alkaline  carbonate '). 

A  solution  of  BiCAnBONATB  OF  POTASH  produccs  a  white 
precipitate,  and  carbonic  add  is  disengaged. 

A  solution  of  carbonate  op  ammonia  produces  a  white 
precipitate,  soluble  in  an  excess  of  the  re-agcut. 

A  solution  of  puospuate  or  soda  produces  in  neutral  solu- 
tions of  protoxyde  of  sine,  a  white  precipitate  of  phosphate  of 
sine,  soluble  in  adds  as  well  as  in  potash  and  ammonia. 

A  solution  of  oxalic  acid  produces  in  neutral  sotutions  of 
protoxyde  of  zinc,  a  white  precipitate  of  oxalate  of  zinc,  which 
augments  by  standing.  It  is  true  that  this  re-agent  does  not 
produce  an  immediate  predpitate  in  very  dilute  solutions,  but 
after  a  certain  time  sndi  solutions  become  turbid.  A  solution 
of  binoxalate  of  potash  likewise  produces  a  predpitate. 

The  precipitate  produced  by  oxalic  acid  in  sohitions  of 
protoxyde  of  zinc  is  soluble  in  potash  and  in  ammonia,  and  also  in 
muriatic  and  other  acids.  The  presence  of  muriate  of  ammonia 
does  not  hinder  much  its  production. 

A  solution  of  FBREocTANUBBT  OP  POTASSIUM  (ycllow  prussiatc 
of  potash)  produccs  in  solutions  of  protoxyde  of  zinc,  a  white 
gelatinous  precipitate,  insoluble  in  free  muriatic  acid. 

*  U  the  solution  be  add,  the  predpitate  assumes  a  biueish 
tinge,  which  is  owing  to  the  decompodtion  of  the  excess  of 
the  re-agent ;  frequently  also  it  assumes  a  strong  blue  colour 
when  heated. 

»  This  predpitate  i«  always  produced  by  the  addition  of  aa  alkaHne  cMlMiiftte, 
em  in  Oa  eold ;  H  b  ft  eomUnstioo  of  9  at.  of  hydnto  ^ 
2  at  of  carboiurte  of  line^  3  (ZaO  4-  HO)  -f-  3  (2n0,  Co«.>— 
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A  solution  of  FERRiCYANriiET  OF  POTASHiFM  determines  in 
solutions  of  protoxyde  of  zinc,  an  orange-yellow  precipitate^  which 
is  soluble  in  free  muriatic  add. 

*  Infusion  ov  oalls  does  not  determine  any  precipitate  in 
neutral  eolations  of  protoxyde  of  sine.  ' 

If  the  solution  contains  traces  of  peroxyde  of  iron,  the  fusion 
of  gall-nuts  imparts  a  blue-black  tinge.  If  it  contains  traces 
of  protosyde  of  iron^  as  is  often  the  case  vhen  operating  upon 
crystallised  salts  of  ainc^  the  infusion,  of  gaU-nuts  does  not  at 
first  produce  any  precipitate ;  but  after  a  short  time's  exposure 
to  the  air  a  turbidness  of  a  blue-black  colour  is  formed. 

HYDRosuLPHuaET  OF  AMMONIA  crcates  in  neutral  solutions  of 
protoxy  de  of  zinc,  a  white  precipitate  of  sulphuiet  of  zinc^  which 
is  insoluble  in  an  excess  of  the  re-agent,  and  also  in  solutions 
of  pure  alkalies  and  of  alkaline  carbonates  \  K  the  solution 
contain  the  least  trace  of  proto  or  of  peroxyde  of  iron,  the 
colour  of  the  precipitate  is  grey,  and  if  the  proportion  of  iron 
be  more  considerable^  the  precipitate  is  black. 

SuLPHUBBTTBD  HYDBOGBN  oAsproduocs  awhite  prccipitate  in 
neutral  solutions  of  protoxyde  of  zinc;  but  this  re-agent  does 
not  produce  any  precipitate  in  acid  solutions  of  protoxyde  of 
zinc,  especially  when  the  acid  is  not  a  weak  one'. 

*  Sulphuretted  hydrogen  dissolved  in  water  precipitates  pro- 
toxyde of  zinc  completely  in  the  state  of  sulphuret  of  zinc^  not 
only  from  a  neutral  solutioui  but  likewise  from  one  to  which 
a  large  quantity  of  acetic  acid  has  been  added.  If,  on  the  con- 
trary, the  solution  contains  only  a  small  quantity  of  a  strong 
inorganic  acid,  the  separation  of  the  oxyde  of  zinc  is  not  complete. 

All  the  salts  of  oxyde  of  zinc  which  are  soluble  in  water,  are 
decomposed  when  exposed  to  a  red  heat  in  contact  with  the  air, 
and  they  are  then  no  longer  soluble  in  water.    Sulphate  of  zinc, 

*  Thia  px*eei|nutc  of  sulphuret  of  ziuc  is  readily  holuble  in  muriatic  and  iii  dilute 
•olphnric  add,  insoluble  in  acetic  acid.  It  is  n  \n\\ky  precipitAte  difficult  to  filter; 
hj  atanding^  however,  Ae  sopemfttMit  Uqnor  may  easily  be  deoaated.— Edw 

'  It  bneoenuy  that  the  sdlntioii  ahmild  be  oeii,  and  to  take  eare  that  it  aiioiild 

not  merely  have  an  acid  reaction,  which  would  be  the  am  with  a  ntutrat  Mhltioil, 

since  all  neutral  sulutiuiis  uf  zinc-salts  retMcn  litmns  paper^and  from  such  a  neutral 
Btilution  a  white  prvcipitiitc  of  sulplmn  t  <>{  /.inr  is  thrown  down,  evea tboqgh  the 
acid  in  bolutiou  be  a  strong  one,  for  example,  bulpUui-ic  acid. — Ed. 
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however,  when  so  heated,  is  only  partially  decomposed,  even 
though  it  be  submitted  to  a  very  strong  red  heat. 

.  *  When  protoxyde  of  sine,  or  a  sinc-Balt,  is  calcined  with 
uk  ezoesB  of  caibonate  of  potaah  or  of  aoda,  the  water  with 
wbicfa  the  fuaed  mass  may  be  sabseqnently  treated,  does  not 
dissolve  the  least  trace  of  oxyde  of  zinc. 

Neutral  solutions  of  ziuc-saits  redden  litmus  paper. 

Tb»  Bnc-salte,  which  are  insoluble  in  water,  are  soluble  iu 
free  adds ;  for  eiamplOi  in  dilnte  salphnrie  or  muriatic  acids. 
When  the  acid  sohitton  is  saturated  with  ammonia  or  with 
potash,  the  insoluble  zinc-salt  is  precipitated,  it  is  true,  but  it  is 
ordinarily  redissolved  by  au  excess  of  the  re-agcut.  Ilycho- 
sulphuret  of  ammonia,  poured  in  such  an  alkaline  solution, 
precipitates  the  whole  of  the  oiyde  of  sine  in  the  state  of  white 
sn^huietof  nnc.  This  is,  in  &c^,  the  best  way  of  ascertaining 
the  presence  of  oxyde  of  zinc  in  the  sinc-salts,  wbicb  arc  inso- 
luble in  water,  for  the  white  precipitate  which  hydrosulphurct 
of  ammonia  determines  in  a  clear,  strongly  alkaline,  solution 
can  be  nothing  else  than  sulphuret  of  sine  ^ 

That  which  particularly  identifies  sinc-salts  before  the  biow- 
pipe  is,  that  when  mixed  with  soda,  and  beated  upon  charcoal 
in  the  iuterior  tlame,  the  charcoal  becomes  covered  with  a  white 
fur  of  protoxydc  of  zinc'.  When  moistened  with  solution  of 
proto-nitrate  of  cobalt,  and  then  heated  before  the  blow-pipe, 
the  fnsed  mass  will  have  a  beantifal  green  colour. 

Zinc-salts  solutions  may  be  distinguished  from  those  of  the 
alkaline  salts  by  their  behaviour  with  carbonate  of  potash,  and 
from  those  of  the  earthy  salts,  because  thusc  of  zinc,  after 
having  been  dissolved  by  potash  or  ammonia,  give  a  white 

>  If,  however,  the  solution  under  examination  should  contain  much  ammoniacai 
salt,  protfjxyde  of  manganese  might  at  the  »ame  time  exist  in  fludi  ft  Bohltioo  IS  well 
as  auc,  and  the  precipitate  produced  h^  drosulphuwt  rfammmiia  might  tfrentoally 
tofttnlpluiTCtorbolfaiiietalt.  M. Otto  (^Mia2w  tier  (teteiiiM{itoa»ade,xUi.), 
Imm  piopcaad  the  foUowing  meHiod  to  Mpuitle  sino  firam  manganese  when  tbqr 
•silt  in  solutions  which  contain  »  faoge  proportion  of  muriate  of  ammonia. 
Amnonia  is  added,  which  does  not  produc©  any  precipitate,  but  the  two  metals 
may  then  bo  precipitated  by  a  cum-nt  of  Puli.lniiYttod  hydrogen.  The  sulphuret  of 
manganese-  (if  an y  be  present),  ma^  be  dissolved  bj'  aceUc  acid,in  whkh  sulphuret  of 
zinc  is  insoluble. —  Ed. 

•   s  This  wliitc  fur  appears  yeUow  whilst  hot,  and  hocouiM  white  in  ooolingw— Ed. 
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precipitate  when  treated  by  hyiliosulphurct  of  ammonia,  a 
plicnomciion  wliich  does  not  take  place  even  in  solutions  of 
alumina  in  potash. 

When  a  aolatioii  of  protoxyde  of  sine  contains  much  non- 
volatile organic  matter,  the  way  to  detect  tlie  pieaenoe  of 
ozyde  of  sine  therein^  eonnsts  in  satnrating  it  with  ammonia, 
and  filtering  it,  if  a  precipitate  is  thereby  produced.  Hydro- 
sulphuret  of  ammonia  is  then  to  be  poured  in  the  filtered 
solution,  which  precipitates  the  ozyde  of  zinc  in  the  state  of 
snlphuret  of  sine,  which  is  snbeeqnently  to  be  heated  by  the 
blow-pipe,  especially  when  the  precipitate  instead  of  being 
white  is  grey  or  black  from  some  sulphurct  of  iron  which 
may  have  been  precipitated  at  the  same  time.  It  is  often  very 
diiticult  to  detect  a  small  quantity  of  oxyde  of  sine  in  solid 
or  pasty  animal  substances.  It  is  then  necessary  to  digest 
these  substances  in  dilute  nitric  add,  to  filter  the  liquid,  and 
then  to  treat  it,  as  we  have  just  said,  with  ammonia  and  hydro- 
sulphurct  of  ammonia.  One  may  also  begin  by  carbonising  the 
organic  substance,  but  to  effect  this  a  moderate  heat  only 
should  be  applied,  for  otherwise  the  ozyde  might  be  reduced 
to  the  metallic  state,  which  would  then  volatilise :  the  mass 
being  carbonised,  it  is  to  be  digested  in  nitric  add,  and 
the  solution  may  then  be  treated  in  the  manner  which  has  been 
indicated. 

The  presence  of  non-volatile  organic  substances  opposes  less 
resistance  to  the  predpitation  of  ozyde  of  sine  by  alkalies  than 
any  other  metallic  ozyde. 

17.  OXYDES  OF  COBALT. 

1*  PBOCOKTMt  OF  OOBiLV  GoO. 

Pure  protoxydc  of  cobidt  is  of  a  grcenish-grcy  colour,  but  its 
dry  liydrate  is  reddish.  It  dissolves  in  acids,  as  it  is  often  mixed 
with  some  pcroxyde  of  cobalt;  an  odour  of  chlorine  is  firequently 
emitted  whilst  dissolving  in  muriatic  add. 

*  Salts  of  cobalt  are  red  when  they  contain  water  of  crystal- 
lisation, in  the  anhydrous  state  they  ai'c  blue.    Their  solutions 
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are  red,  vet  when  concentrated  ur  when  tliev  contain  a  free 
acid  they  are  blue  or  green,  but  tliey  become  green  simply 
by  the  addition  of  water. 

A  aolatioii  of  potash  pvodiices  in  cobalt  solutions  a  blue  pre- 
cipitate of  protoxyde  of  cobalt^  whidi  becomes  green  by  exposure 
tu  the  air,  part  of  the  protoxyde  becoming  thus  converted  into 
peroxydc.  liy  boiling,  the  blue  precipitate  of  protoxyde  of  cobalt 
aoqoires  ordinarily,  but  not  always,  a  dixty  pale-red  colour  with- 
out  undergoing  on  that  aoooont  any  notable  change  in  its  com- 
position'. This  pale-red  precipitate  does  not  sensibly  change 
by  exposure  to  the  air.  If  the  blue  precipitate  be  abandoned  at 
the  bottom  of  the  hquid  in  which  it  has  been  produced,  it  often 
occurs  that  after  a  certain  time  it  acquires  a  pale-red  colour 
even  in  the  cold.  When  gathered  on  the  filter  this  blue  preci- 
pitate very  soon  turns  green.  It  is  insoluble  in  an  excess  of  a 
solution  of  potash. 

*  According  to  VVnikelblech,  the  blue  precipitates  which  prot- 
oxyde of  cobalt  produces  with  the  alkalies  are  always  basic  salts. 
The  green  colour  is  owing  to  the  absorption  of  atmospheric  air, 
which  gives  rise  to  the  production  of  some  peroxyde  of  cobalt. 

A  little  AMMONIA  causes  in  solutions  of  protoxyde  of  cobalt 
a  blue  precipitate,  which  the  addition  of  a  larger  (quantity  of 
ammonia  renders  green,  and  which  is  redissolved  by  a  still 
larger  addition  of  ammonia,  producing  at  the  same  time  a 
brownish-red  liquor.  The  colour  of  this  solution  by  exposure 
to  the  air  becomes  deeper  and  deeper,  beginning  at  the  sur&ce, 
and  ultimately  the  whole  liquor  assumes  a  brown-red  colour*. 
If  the  solution  of  protoxyde  of  cobalt  contains  muriate  of 
ammonia,  the  addition  of  ammonia  thereto  does  not  produce 
any  precipitate,  but  retains  its  brown-red  colour;  after  some 
tim^  however,  it  becomes  of  a  dark-brown  colour,  and  this 


^  Aj0Mrding  to  Proust,  thia  dirty  rod  precipitate  ia  a  hydrate  of  protoxyd«.~-Kp. 

*  Aeflotdbig  to  BaneBni^  tiie  aokliMi  of  |iroto»yJ>  of  colMJt  in  MimMwia  and  in 
cs»tostoofMimmiiia,li«gnanewdeoiimrif  lfaapgoto«3fdeof  <oh^  Imt 
if  tba  Miid  pffotoiqrde  cf  eobalt  eontiinB  more  or  less  nickel,  the  hue  of  the  solutioii 
nmjr  become  dirty  purple,  or  even  brownish  black.  Ganstie  potaah  doea  nol  pveei- 
pitate  protoxyde  of  oobalt  frtun  each  a  8olutioD.^£o. 
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change  likewise  begins  at  the  surface.  A  solution  of  potash 
determmes  a  very  slight  precipitate  only  in  an  ammoniacal 
solation  of  protoxyde  of  cobalt,  and  if  the  liquor  oontaina  a 
little  muriate  of  ammonia^  no  precipitate  at  all  is  produced  by 

this  re-agent. 

A  solution  of  carbonate  of  potash  jiroduces  iu  solutions  of 
protoxyde  of  cobalt^  a  red  precipitate  of  sub-carbonate  of  cobalt, 
which  by  boiling  the  liquid  becomes  blue  \ 

A  solution  of  bi-cabbonatb  of  potash  determines  a  red 
precipitate  of  carbonate  of  cobalt. 

A  solution  of  carbonate  op  ammonia  gives  in  neutral  solu- 
tions of  protoxyde  of  cobalt  a  red  precipitate  of  carbonate  of 
cobalt,  which  is  soluble  in  a  solution  of  muriate  of  ammonia. 
The  solution  has  a  red  colour,  and  does  not  torn  brown  by 
exposure,  but  after  a  pretty  long  time  it  assumes  a  somewhat 
deeper  hue  only,  which  begins  from  the  surface.  AVheu  a 
solution  of  protoxyde  of  cobalt  contains  muriate  of  ammonia, 
carbonate  of  ammonia  produces  no  precipitate  therein. 

A  solution  of  fhqbphatb  op  soda  yields  a  blue  precipitate  of 
phosphate  of  cobalt  in  neutral  solutions  of  protoxyde  of  cobalt. 

A  solution  of  oxalic  acid  does  not  cause  any  immediate 
turbidness  in  solutions  of  protoxyde  of  cobalt ;  but  after  some 
time  a  white  precipitate  of  oxalate  of  cobalt  is  formed,  which 
has,  howem,  a  slight  reddish  tint.  Tins  precipitate  gradually 
augments,  so  that  after  some  time  the  supernatant  liquor  is 
almost  colourless*. 

A  solution  of  ferrocyanuret  of  potassium  determines  iu 
solutions  of  protoxyde  of  cobalt  a  greea  precipitate  of  ferro- 

'  According  to  Dumas,  ihc  precipitate  produced  in  solutions  of  sulphate  of  cobalt 
by  carbonate  of  potash,  is  a  sesquicarbonate  of  cobalt,  wliich  lias  a  pink  colour;  but 
if  au  excess  of  carbonate  of  anirnunia  has  been  used,  mucli  of  that  precipitate  is 
W'diiaolved,  because  carbonic  acid  is  set  free,  and  forms  a  bicarbonate  iu  which 
this  ptedpitate  h  lolnbK  tlunigli  boiling  tfarm  it  doim  in  th«  ttete  of  aabonata 
of  cobalt.  If  an  exoeto  of  bieatbomto  of  poluh  h  added  iHUlst  the  tlbon  |inoi* 
pitato  is  forming,  a  double  nit  la  obtained,  whioh  boiling  fednoaa  to  Hie  atete  of 
oarbonato  of  cobalt — Kd. 

-  Thh  proripit^itc  i.s  sparingly  aoluble  in  oaustio  •"^"'""i*^  but  more  00  in 
carbonate  ol  ammonia. — Kd. 
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cyannret  of  cobalt,  which  afterwards  becomes  grey,  and  which 
is  insoluble  in  muriatic  acid. 

A  SOltttion  of  PBBBICTANUBET  OT  70TA8BIVM  pTOduoeS  in 

•ohitioiis  of  protoxyde  of  cobalt  a  deep  brown-red  piecipitate  of 
fisriieyannret  of  cobalt,  which  is  insolnble  in  mnriatic  acid. 

*  IxFusioN  OF  GALL-NUTS  docs  not  render  solutions  of 
protoxyde  of  cobalt  turbid. 

Hydrosulphuret  of  ammonia  causes  in  neutral  solutions 
of  cobalt  a  black  precipitate  of  snlphuret  of  cobalt,  which  is 
insolnble  in  an  excess  of  the  re-agent,  and  which  completely 
(alls  down  at  the  bottom  of  the  vessel.  *  This  precipitate  is 
not  soluble  in  solutions  of  the  pure  alkalies,  nor  of  alkaline 
carbonates. 

A  solution  of  sttlphubxttbd  htdboovn  does  not  immediately 
cause  any  precipitate  in  neutral  solntions  of  protoxyde  of  cobalt, 
aft  least  when  the  acid  of  the  salt  is  not  an  extremely  weak  acid. 

The  liquor  acquires  only  a  somewhat  blackish  hue,  and  after 
some  time  a  very  scanty  black  precipitate  of  sulphuret  of  cobalt 
is  deposited. 

*  If  the  solntion  of  protoxyde  of  cobalt  be  add,  not  the 
slightest  black  turbidness  takes  place,  even  after  a  long  time. 
Aqneons  solntion  of  snlphnretted  hydrogen  completely  preci- 
pitates the  protoxyde  of  cobalt  in  the  state  of  sulphuret,  from 
a  neutral  solution  of  acetate  of  cobalt.  If  on  the  contrary  free 
acetic  add  be  added  to  the  neutral  solution,  nothing  is  prcdpi- 
tated,  and  the  whole  of  the  protoxyde  remains  dissolved  after 
the  addition  of  snlphnretted  hydrogen  *. 

All  the  salts  of  oxvdc  of  cobalt  which  are  soluble  in  water, 
are  decomposed  by  exposure  to  a  red  heat  with  the  contact  of 
the  air,  after  which  they  arc  no  longer  completely  soluble  in 
water.  A  Teiy  strong  red  heat,  however,  oafy  partially 
decomposes  snlphate  of  cobalt  *. 

I  Brande  olwervei^  iSuA  if  dilorine  be  passed  through  a  mixture  of  protoxyde  of 
cobalt  and  wat^r,  or  wben  a  solution  of  chloride  of  cobalt  if«  decoinpocpil  hy  chloxide 
of  limp,  a  black  precipitate  falls,  which  is  hydrate  of  pt  roxydo  of  cobalt.-  Rn. 

*  Aft«^r  a  protracted  ignition,  it  is  converted  into  an  oxydo,  which  i»  blackiah 
blue.    ]f  only  heated  to  500%  tho,  crystals  of  sulphate  of  cobah  fall  inlo  A  ttlll* 
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Solutious  of  neutral  salts  of  cobalt  feebly  redden  blue  litmua 
paper. 

Almost  all  the  salts  of  oxyde  of  cobalt  whick  are  inso- 
luble in  water,  are  loliible  in  adds,  such  as  for  example,  in 
muriatic  and  in  snlphmric  adds.   If  inch  a  solution  be  saturated 

with  potash,  or,  still  better,  with  ammonia,  the  insoluble  com- 
pound is  precipitated,  hut  it  is  ordinarily  re-dissolved  by  an 
excess  of  ammonia.  If  the  solution  be  very  acid,  no  precipitate 
is  produced  by  sapersaturating  it  with  ammonia^  because  the 
ammoniacal  salt  produced  hinders  predpitation  from  taking 
place;  bnt  then  hydrostdphnret  of  ammonia  determines  an 
immediate  black  precipitate  of  sulphuret  of  cobalt,  and  this  is 
the  character  most  to  be  depended  upon  to  detect  protoxyde  of 
cobalt  in  a  solution;  for  when  sulphuretted  hydrogen  gas  does 
not  produce  any  predpitate  in  an  add  sdntion,  whilst  hydro* 
sulphuret  of  ammonia  produces  a  black  predpitate  in  neutral 
or  in  an  alkaline  solution,  such  a  precipitate  can  hardly  be 
anything  else  than  sulphuret  of  cobalt,  or  of  nickel,  or  of  iron. 
It  will  be  shown  Airther  on,  how  these  sulphurets  can  be 
distinguished  from  eadi  other. 

Before  the  bkw^pipe  salts  of  cobalt  are  Tery  easy  of  detection, 
the  smallest  quantity  being  snffident  to  impart  a  strong  blue 
colour  to  horax  and  to  microcosniic  salt,  both  in  the  (exterior 
and  the  interior  Hame.  WTicn  the  quantity  of  the  salt  of 
cobalt  is  abundant,  the  colour  of  the  glass  is  so  intensely  blue 
that  it  appears  black.  With  soda  (on  charcoal)  these  salts 
are  reduced  into  a  magnetic  grey  powder,  which  is  metallic 
cobalt 

Solutions  of  salts  of  cobalt  are  distinfjuished  from  those  of 
all  the  other  salts  which  have  been  hitherto  treated  of,  princi- 
pally by  the  black  predpitate  of  sulphuret  of  cobalt,  which 
hydrosulphuret  of  ammonia  produces  therein;  in  the  solid 

powdcri  and  which  is  nnhydrous  sulphate  of  cobalt,  forminp:  n  pink  Rolution  witli 
water,  whilst  it  becomes  of  a  lavender  colour  by  exposure.  Sulph*te  of  cobalt  ia 
insoluble  in  alcohol,  soluble  in  24  parts  of  cold  wau-r. — Ed. 

'  Benalhu  MmftrkB,  that  by  candlelight,  the  colour  of  tho  glass  obtained  with 
mierooomie  b  purple,  whilst  by  daylight  it  is  of  »  pore  Una  ooloor  j  and  if  Ijj 
dayligjit  it  is  tinged  feebly  blne^  by  candlelight  ft  appean  pink  or  losa-oolovrad.— 
Ed. 
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state,  by  the  deportment  of  the  salts  before  the  blow-pipe»  which 
is  most  characteristic  and  deficate. 

A  great  many  non-volatile  snbstanoes  prevent  the  precipi- 
tation of  protoxyde  of  cobalt  by  alkalies,  but  they  do  not 
interfere  with  the  reaction  of  hjrdrosulphuret  of  ammonia. 

T  PRROXYDB  OF  COBALT  Cd.O,. 
ImuvnvMxvm  ov  ocnuur.] 

PiBOXTDB  ov  COBALT  18  black,  bnt  when  finely  puIveriBed  it 

is  brown.  Before  the  blow-pipe,  its  deportment  is  the  same 
as  that  of  the  protoxyde. 

'^f^  When  strongly  heated,  oxygen  is  disengaged  [and  it  is 
then  lednced  to  the  state  of  pioto^de. — En.]  Concentrated 
mnriatic  add  dissolTes  it  at  a  boiUng  heat,  and  chlorine  is 
disengaged ;  but  that  acid  may  combine  with  it  at  the  ordinary 
temperature 

*  Acetic  acid  slowly  but  completely  dissolves  its  hydrate, 
and  produces  a  liquor  of  a  deep  brown  colour,  which  when 
much  dfluted  appears  yellow.  This  solution  Is  less  decomposed 
than  that  of  the  perozyde  in  other  adds ;  solutions  of  pure  fixed 

alkalies  and  of  alkaline  carbonates  produce  therein  a  brown 
precipitate,  and  the  same  effect  is  produced  by  carbonate  of 
ammonia.   Ammonia  also  predpitates  it»  but  incompletely 

18.  OXYDES  OP  NICKEL. 

V  PROTOXYDE  OP  NICKEL  NlO. 

{Oxydc  NkccUquc). 

In  the  pure  state,  protoxyde  of  nickel  is  of  a  deep  grey 
colour;  its  hydrate  is  green.  It  is  soluble  in  adds,  and  the 
solution  is  green.  Salts  of  nickel  are  green  when  th^  con- 
tain water  of  crystallisation,  and  ordinarily  yellow  when  they 

arc  anhydrous. 

*  AeeofrAingtoBaradia^iioodwraddejMcpi  mnib^ 
OKjdA  of  cobalt  AndbjioliitioBintfaMtaiddfitistnHWlio^^ 

of  cobalt.— Eb. 

*  r5<  r7.eliuR  8ay«,  tlmt  hy  digestinfr  p<»roxy»lc  of  cobalt  in  ammonia,  it  is  diBSolved, 
part  of  the^MmnoDiA  andexgoing  deooropoatioii,uid  nitrogen  being  diaengaged. — £d. 
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A  solution  of  potash  creates  in  solutions  of  salts  of  nickel 
an  apple-green  precipitate  of  hydrate  of  protoxyde  of  nickel, 
wliich  is  inflolnble  in  an  ezoeas  of  alkali,  and  which  unalterable 
in  contact  with  the  air 

A  very  small  quantity  of  ammonia  poured  in  solutions  of 
protoxyde  of  niekel  produces  an  inconsiderable  green  turbid- 
nesB,  which  disappears  rapidly  by  the  addition  of  a  larger 
quantity  of  ammonia :  the  solution  has  a  fine  blue  colour,  with 
a  slight  admixture  of  violet.  A  solution  of  potash  produces  an 
apple-green  precipitate  of  hydrate  of  protoxyde  of  nickel  in 
this  ammoniiical  solution 

A  solution  of  cauboxate  og  potash  determines  in  solutions 
of  protoxyde  of  nickel  an  apple-green  precipitate  of  sub- 
carbonate  of  nicke],  which  has  a  paler  tint  than  that  produced 
by  potash. 

A  solution  of  bicarbonate  of  potash  produces  also  a  light 
apple-green  precipitate  of  carbonate  of  nickel,  whilst  a  little 
carbonic  add  is  at  the  same  time  disengaged. 

A  solution  of  cabbonatb  ov  ahhonia  gives  in  neutral 
[not  in  add]  solutions  of  protoxyde  of  nickel  an  apple-green 
precipitate  of  carbonate  of  nickel^  soluble  in  an  excess  of  the 
re-agent,  and  thus  producing  a  greenish-blue  liquid. 

A  solution  of  phosphate  op  soda  produces  in  neutral  solu- 
tions of  protoxyde  of  nid^el  a  white  predpitate  of  phosphate  of 
nidLcl,  which  has  a  green  tinge. 

A  solution  of  oxalic  acid  does  not  determine  any  imme- 
diiitc  precipitate  in  uciitral  solutions  of  protoxyde  of  nickel ; 
but  after  some  time,  a  greenish  precipitate  of  ooralate  of  nickel 
is  formed,  which  augments  much  by  standing,  so  that  the 
supernatant  liquid  becomes  almost  colourless*. 

A  solution  of  fbsboctanubbt  op  potassium  (yellow  prusnate 

*  Thii  precipitate  m  gdnbte  in  cuboiiste  of  mwmnia,  snd  tfie  Mqtdd  iHudi  gewJti 

is  gi-eenish  blue.  Potoah  may  r  jn-  r  ipitate  it  in  tho  state  of  hydrate  of  protoxyde  of 
tii(>kol,  which  Lb  yellow-green.  All  the  ealts  of  ammonia  fonn  double  ealte  with 
oxyde  of  nickel. — En. 

^  If  the  solution  of  protoxyde'  of  nickel  contAins  a  free  acid  or  an  ammoniacal 
ealt,  ammonia  does  not  produce  any  precipitate. — Eo. 

*  Oxalie  add  fonna  ttus  precipitale  ef  oxalale  of  iiMtd  in  nil  neutral  aohitiona  of 
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of  potii.sh)  j)r()(luces  in  solutions  of  protoxyde  of  nickel  a  white 
precipitate  of  ferrocyaiiuret  of  mckel,  which  has  a  green  tinge, 
and  is  insoluble  in  muriatic  acid. 

A  flolution  of  FBBBiCTANURiT  OP  FOTAStiVM  (lod  pmsnate 
<rf  potash)  gives  in  solutions  of  protoxyde  of  nickel  a  greemsh 
yellow  precipitate  of  ferricyanuret  of  iiickel,  which  is  insoluble 
in  muriatic  acid. 

*  Infusion  of  gall-nuts  does  not  create  any  turbidness  in 
solutions  of  salts  of  protoi^de  of  nickel. 

Htsbosulphurbt  op  ammonia  determines  a  black  preci- 
pitate of  sulphuret  of  nickel  in  neutral  solutions  of  protoxyde, 
and  the  supernatant  liquor  retains  a  i)lack  colour.  This  preci- 
pitate is  not  entirely  insoluble  in  an  excess  of  the  re-agent,  *  nor 
in  the  alkalies^  owing  to  which  the  portion  of  the  precipitated 
snlphuret  thus  retained  in  solution  gives  the  supernatant 
fiquor  the  black  colour  just  alluded  to'. 

SvLPBtTBBTTBD  HTUBOOBN  dissolved  In  Water,  or  a  current 
of  that  giui,  does  not  produce  an  immediate  precipitate  in  neutral 
solutions  of  nickel,  at  least  when  the  acid  of  the  salt  is  not  a 
weak  one.  The  liquid  becomes  sHghtly  tinged  with  black,  and 
after  some  time  a  very  small  black  precipitate  of  sulphuret  of 
nickel  is  thrown  down.  When  the  solution  is  add  no  turbid- 
ness appears  eren  after  a  long  time.  *  The  solution  of  protoxyde 
of  nickel  in  acetic  acid  behaves  with  aqueous  sulphuretted 
hydrogen  hke  that  of  protoxyde  of  cobalt  in  the  same  acid*. 

All  the  salts  of  nickelj  which  are  soluble  in  water,  are  de- 
composed by  exposure  to  a  red  heat>  after  which  they  axe  no 
longer  soluble  in  water.  Sulphate  of  nickel  is  more  difficult  to 
decompose  by  a  strong  heat  than  the  other  salts  of  nickel. 

Solutions  of  neutral  salts  of  protoxyde  of  nickel  feebly  redden 
blue  litmus  paper. 

>  According  to  Dr.  Freflenius,  this  sulphuret  is  readily  stdublc  in  ultrutuiu'iatic 
Mad,  but  dj£Bcaltly  bo  in  muriatic  acid.-  Ed. 

*  In  add  aolutioDs,  sulphuretted  hydrogw  ieran  no  prccipitHe  whaterw,  UtaA  u, 
if  Ihun  be  •  itroqg  add  firae.  Aceoidiiif  to  Gsy  Lumc^  the  idplniret  of  oldMl 
pmdoMd  fimn  tbe  deeoinporftioii  of  acetete  of  nidnl  by  aidpliiiTOlted  Iqrdrogoi,  is 
of  a  doop  tmmn  y«Dow  eoloar,  afanoal  tdadt^En. 

G 
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Almost  all  the  salts  of  nickel,  \vliich  are  insohihlc  in  water, 
are  soluble  in  acids,  for  example,  in  muriatic  acid  or  in  dilute 
sulphuric  add.  Wlien  tlieir  acid  aolution  is  supenaturated 
witii  ammonia^  the  aalt  is  not  predptated,  because  it  is  held  in 
solution  by  the  excess  of  alkali;  this  solution,  if  not  too  dilute^ 
assumes  a  blue  colour  which  immediately  shows  the  presence  of 
protoxyde  of  niclcel. 

Before  the  blow-pipe  salts  of  oxyde  of  nickel  may  be  recognised, 
because  when  heated  with  borax  and  microcosmic  salt  in  the 
exterior  flames  the  bead  assumes  a  reddish  colour,  the  intensity 
of  which  i^iFnwMliftw  in  cooling,  until  at  last  it  often  entirely  dis- 
appears. 

*  With  g:laas  of  borax,  but  not  with  microcosmic  glass,  the 
oxyde  is  reduced  in  the  interior  flame,  and  the  glass  appears 
grey,  owing  to  the  interposition  of  a  fine  powder  of  metallic 
nickelj  which  pervades  the  mass.  If  the  oxyde  of  nickel  con- 
tain oxyde  of  cobalt,  the  presence  of  the  latter  may  be  recognised 
by  the  blue  colour  of  the  bead'.  Heated  with  soda  upon 
charcoal,  salts  of  oxyde  of  nickel  are  reduced  into  a  white 
metallic  powder,  which  is  magnetic. 

Solutions  of  salta  of  oxyde  of  nickel  are  distinguished  from 
those  of  the  salts  which  have  hitherto  been  spoken  of,  except 
those  of  cobalt,  by  their  re-action  with  hydrosulphuret  of 
ammonia.  They  are  distinpruished  from  cobalt  solutions  by 
their  re-action  with  ammonia,  and  by  the  behariour  of  their 
ammoniacal  solutions  with  potash*. 

A  vast  number  of  non-ydlatile  orgmne  tmbHaneeSy  espedaUy 
tartaric  acid,  prevent  protoxyde  of  nickel  fix)m  being  precipitated 
by  alkalies,  but  not  by  hydrosulphuret  of  ammonia. 

'  See  the  note,  jMigc  5. 

*  If  the  MMiMWifl  sohtiioii  <tf  protoxyde  of  cobalt  contains  a  salt  of  ammonia* 
enslio  potuh  doet  not  prodooe  any  precipitate,  whikt  the  like  solution  of  protoxyde 
of  nickel  when  treated  by  potash  yields  an  apple-greeii  pfttei|iitote  of  hydnto  of 

niekeL — ^Ed^ 
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2^  PEROXYDE  OF  NICKEL,  Ni,  O,. 

[SESyl  lOXYDE  OF  NICKEL.] 

(Suroj-1/de  de  Nickel.) 

Peroxyob  of  nickel  is  blacky  and  disengages  oxygen  when 
sabmitted  to  a  red  heat,  which  converts  it  into  protozyde  of 
nickel.  Concentrated  mmiatic  add  dissolves  it,  with  disengage- 
ment of  chlorine  gns ;  other  adds  dissolve  it  also^  but  with 

tlisciig«agcracnt  of  oxygeu.  Before  the  blow-pipe  its  beha\iour 
is  the  same  as  protoxyde  of  nickel'. 

19.  OXYDES  OP  IRON. 

1°    PROTOXYDE    OF    lUOX,  FcO. 

{Oxyde  fcrmtx.) 

Pure  protoxyde  of  iron  [ferrous  oxyde)  is  almost  unknown; 
ndther  haa  its  hydrate  ever  yet  been  obtained  perfectly  pure  in 
the  dry  state,  on  account  of  the  fiudlity  with  which  it  absorbs 
the  oxygen  of  the  air,  especially  at  the  snrface.  When  recently 
prepared  it  is  white.  Protoxyde  of  iron  is  not  only  contained 
in  solutions  of  protosalts  of  iron,  but  it  is  also  produced  when 
iron  is  dissolved  in  dilute  sulphuric  acid  or  in  other  adds; 
hydrogen  is  disengaged  whilst  the  solution  is  going  on. 

*  Protoealls  of  iron  have  a  greenish,  or  Uueish-green  colour 
when  they  contdn  water  of  crystallisation.  Even  in  the  solid 
state  tbcy  bave  a  tendency  to  become  more  oxydised,  aiid  to  be 
covered  with  a  yellow  brown  powder  of  pcrsalt  of  iron.  Tbcy 
are  less  exposed  to  this  change  when  they  are  precipitated  by 
crystallisation  from  an  add  solution.  Solutions  of  protosalts  of 
iron  are  mudi  more  easily  oxydised  by  the  influence  of  the  air, 
and  when  they  are  neutral  the  bquid  deposits  a  j^llow-brown 
p<*wder,  wbicb  is  a  basic  salt  of  pcroxyde  of  iron,  notwithstanding 
which  the  solution,  besides  protoxyde  of  iron,  contains  a  more  or 
less  considerable  quantily  of  peroxyde  of  iron. 

A  8oIuti<m  of  POTASH  produces  in  solutions  of  protoi^de  of 

>  Pcioxgrde  <if  mefcel  is  solnble  in  Miiincmi»|  with  diMOg^gmiient  of  nitrogeD,  and 
llwsglnlioiiisoiieofpcotosjde^  Thman  Donitiof  pennqrde  «f  iiielML--ED. 
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iron  a  flocculent  precipitate  of  hydrate  of  protoxyde,  wliicli  at 
first  is  almost  white,  but  which  soon  becomes  grey  on  account 
of  the  oxygen  it  absorbs,  and  which  subsequently  turns  green. 
This  precipitate  then  takes  a  deeper  tinge^  and  ultimately  it 
becomes  brown-red,  where  it  ia  in  contact  with  the  atmoq^ere. 
When  the  green  precipitate  is  filtered  it  soon  becomes  reddish- 
brown  on  the  filter,  because  it  then  ofl'ers  very  numerous  points 
of  contact  with  the  air. 

Ammonia  produces  the  same  phenomena  as  potash  in  solu- 
tions of  protosalts  of  iron.  When  solution  of  muriate  of 
ammonia  has  been  poured  in  a  fenous  solution,  the  ammonia 
whicli  is  subsequently  added  does  not  produce  any  precipitate ; 
but  if  tlic  liquor  remains  exposed  to  the  air,  a  slight  green  preci- 
pitate of  hyd rated  protoxyde  of  iron  very  soon  appears,  which 
becomes  reddish-brown  at  the  sur&oe. 

A  solution  ai  caebonatb  or  potash  produces  a  precipitate  in 
solutions  of  protoxyde  of  iron,  which  is  not  attended  with  any 
efl'ervesccncc  of  carbonic  acid.  After  some  time  this  precipitate 
of  proto-carbonatc  of  iron  turns  green,  and  its  surface  assumes 
the  same  reddish-brown  colour  produced  when  solution  of  pure 
potash  is  poured  in  solutions  of  protoxyde  of  iron.  A  solution 
of  muriate  of  ammonia  re-dissolves  it,  but  when  the  liquor  is  left 
exposed  to  the  air,  a  green  precipitate  is  formed,  which  becomes 
reddish-brown  at  the  surface  of  the  liquid.  Yet  the  formation 
of  this  precipitate  requires  a  longer  time  than  when  anomonia, 
instead  of  carbonate  of  potash,  is  the  re-agent  poured  in  the  liquor. 

A  solution  of  bicarbonatx  of  potash  produces,  in  solutions 
of  protoxyde  of  iron,  a  white  precipitate  of  protocarbonate  of 
iron,  the  formation  of  which  is  attended  with  a  disengagement  of 
carbonic  acid  gas. 

A  solution  of  CARBONATE  OF  AMMONIA  behavcs  with  solutions 
of  protoxyde  of  iron  like  carbonate  of  potash. 

A  solution  of  phosphate  op  soda  produces,  in  neutral  solu- 
tions of  protoxyde  of  iron,  a  white  precipitate  of  protophos- 
phate  of  iron,  which  left  for  a  certain  time  in  contact  with  the 
air  becomes  green. 
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Solutions  of  OXALIC  acid,  and  of  binoxalate  of  potash, 
immediately  produce  a  yellow  colour  in  solutions  of  protoxydc 
of  iron^  and  after  some  time  a  yellow  precipitate  of  protozalate 
of  iron  aoluble  in  an  esceas  of  muriatic  acid.  Neutral  alkaline 
oxalates  produce  this  precipitate  immediately^  and  still  more 
distinctly. 

A   solution  of  FEHKOCYANURET   OP   POTASSIUM    (ycllow  plUS- 

siate)  produces  in  solutions  of  protoxyde  of  iron  a  precipitate, 
which  at  the  time  of  its  formation  would  be  white^  were  the 
ezperiment  to  be  made  altogether  out  of  the  contact  of  the  air^ 
but  which  otherwise  has  always  a  light  blue  colour.  This  pre- 
cipitate becomes  dark  blue  by  a  long  exposure.  It  is  not  soluble 
in  muriatic  acid 

A  solution  of  ferbicyanuret  of  potassium  (red  prussiatc) 
determines  in  solutions  of  protoxyde  of  iron  an  immediate  dark 
blue  precipitate  of  ferricyanuret  of  iron  (Prussian  blue)  which  is 
inaoluble  in  adds. 

*  Infusion  of  gall-nuts  does  not  produce  any  precipitate  in 
neutral  solutions  of  protoxyde  of  iron^  which  do  not  contain  any 
peroxyde  of  iron  j  but  if  they  contain  any  portion  of  this  latter 
oxyde,  as  is  almost  always  the  case,  a  blue-black  turbidness  is 
produced,  which  angments,  if  the  liquor  is  left  at  rest,  and  in 
contact  with  the  air*. 

*  A  solution  of  pekchlouide  of  gold  poured  in  a  sohition  of 
protoxyde  of  iron  gives  a  dark  brown  precipitate^  which  is 
metallic  gold\ 

*  A  solution  of  nitratb  op  siltbr  determines  in  neutral  solu- 
tions of  protoxyde  of  iron  a  greyish  white  precipitate  of  metallic 

'  This  precipitate  is  decomposed  by  free  alkalies,  and  peroxyde  of  iron  is  depo- 
sited ;  hence  the  liquor  to  be  tested  hy  both  yellow  and  reil  pnissiatcs  bIioiiM  ho 
acid;  and  if  the  liquor  contain.s  the  least  quantity  of  pcroxyde  of  iron,  the  prceijiitiite 
produced  by  ferrocyanuret  of  potafisium  is  at  once  dark-blue,  as  also  by  the  addition 
of  uilfio  w^A  ot  of  ofalflriiiiw^^ED. 

*  Ibo  wMSAm  of  %  tern  dropo  of  ammonto  oddod  sabaeqaentiy  to  l3m  inflnion  of 
pdk,  Moden  the  solation  of  ptoCoMlts  of  iron  of  a  purple  colour.^EPw 

*  The  doable  chloride  of  sodium  and  gold,  is,  according  to  Ficinns,  a  very  sensi- 
tive t<  st  for  protosalts  of  iron.  By  adding  a  very  small  qiuvntity  of  solution  of  car- 
l>oi)uit  of  !Mi(la.  n  {mrple  precipitate  IS  formed  when  a  few  drops  of  perchloride  of 
gold  are  further  added. — Ed. 
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silver.  It  a  small  quantity  of  a  dilute  acid,  for  example  sulphuric 
acid,  be  added,  the  precipitate  is  white.  When  the  solution  of 
protoxyde  of  iron  is  in  excess,  it  becomes  black,  on  account  of 
the  nitric  acid  which  is  set  £ree. 

*  If  NiTEic  ACID  (somewhat  dilate)  be  poured  upon  a  proto- 
salt  of  iron,  and  the  whole  heated,  the  liquor  which  is  imme- 
diately rouTid  the  salt  becomes  of  a  dark  brownish  black  colour, 
which  colour  gradually  pervades  the  whole  liquid  as  the  salt 
becomes  dissolyed.  The  same  oolonr  may  be  observed  when 
either  a  oonoentrated  or  a  dilute  solution  of  a  protosalt  of  iron 
is  treated  by  nitric  add.  The  nitric  acid  oonyerts  a  portion  of 
the  protoxyde  of  irou  iuto  ])croxyde  of  iron,  aud  the  nitric  acid 
becomes  couvcrted  into  nitric  oxyde,  which  dissolves  in  the 
solution  of  the  salt  of  iron  which  has  not  yet  passed  to  a  supe- 
rior degree  of  ozydationj  and  gives  to  the  liquid  a  dark  bxownish 
black  oobur.  An  excess  of  nitric  add  soon  causes  the  colour 
to  disappear ;  by  free  exposure  to  the  air  the  colour  yanishes 
also,  and  there  is  a  disengagement  of  ruddy  vapours  of  nitrous 
acid.  If  the  protosalt  of  irou  be  in  excess  the  colour  disap- 
pears also,  owing  to  the  absorption  of  the  oxygen  of  the  air,  but 
for  this  some  time  must  elapse. 

Htdbosulphitxbt  of  ammonia  forms  in  neutral  solutions  of 
protoxyde  of  iron  a  black  precipitate  of  sulphiu^  of  iron,  which  by 
exposure  to  the  aii*  absorbs  oxygeu,  and  becomes  reddisli  brown. 
This  character  distinguishes  sulphuret  of  iron  from  suiphuret  of 
cobalt,  aud  irom  sulphuret  of  nickel,  which  do  not  become 
oxydised  so  easily  by  exposure.  Sulphuret  of  iron  is  insoluble 
in  an  excess  of  hydrosulphuret  of  ammonia;  *it  remains  sus- 
pended for  a  long  time  in  the  liquid,  especially  when  the  opera- 
tion is  carried  on  upon  small  quantities  of  protosalts  of  irou, 
and  communicates  a  green  [dingy  green]  colour  to  the  liquor. 

Aqueous  solution  of  suLPHuaxTT£D  htdrogbn,  or  a  current 
of  that  gaSi  does  not  create  any  precipitate  in  neutral  solutions 
of  protosalts  of  iron  when  the  add  is  not  a  weak  one. 

*  When  a  solution  of  protoxyde  of  iron  becomes  milky  by 
the  addition  of  sulphuretted  hydrogen,  it  is  owing  to  a  deposition 
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of  gnlplmr,  wluch  shows  that  the  protosalt  of  iron  was  mixed 

with,  or  contaiued  some  pcrsalt  of  iron. 

The  protosults  of  iron,  which  arc  sohible  in  water,  are  de- 
composed by  the  action  of  a  red  hcixt  m  contact  with  the  air. 

Solutions  of  neutral  protosalts  of  iron  redden  litmus  paper. 

*  Aooording  to  Bonnsdor^  pm«  protosulphate  of  iron  does 
not  alter  the  colour  of  litmus  paper ;  and  when  it  is  reddened, 
it  is  a  proof  of  the  presence  of  a  pcrsalt  of  iron. 

Almost  all  the  protosalts  of  iron,  which  are  insoluble  in  water, 
are  soluble  in  muriatic  add^  or  in  dilute  sulphuric  add.  When 
such  a  solution  is  supersaturated  by  ammonia^  the  insoluble  salt 
is  generally  precipitated  therefrom ;  but  it  immediately  assumes 
a  black  colour,  and  is  converted  into  sulphuret  of  iron  by  the 
addition  of  hydrosulphuret  of  ammonia. 

jBefore  the  blow  pipe  protosalts  of  iron  are  very  easily  recog- 
nised. For  when  heated  at  the  external  flame  upon  charcoal 
wiUi  borax,  or  microoosmic  salt,  they  communicate  to  the  glass 
a  dark  red  colour,  which  becomes  ligbter  on  cooling ;  heated  in 
the  interior  flame,  the  glass  becomes  green ;  but  in  cooling  this 
colour  entirely  vanishes,  pronded  the  quantity  of  iron  is  not 
considerable.  Tlie  smallest  traces  of  protosalt  of  iron  impart  to 
nucrocosmic  salt,  when  dissolyed  therein,  even  by  the  exterior 
flame,  a  green  ooloar,  which  on  cooling  is  less  intense,  and  which 
when  quite  cold  entirely  disappears.  Protosalts  of  iron  heated 
with  soda  upon  charcoal  arc  reduced.  After  lesigation  there 
remains  a  metallic  powder  wliich  is  magnetic. 

Solutions  of  salts  of  protoxyde  of  iron  are  easily  recognised  by 
their  behaviour  with  hjfdrosu^kurei  of  ammonia,  and  solution  of 
/erriqfmmreiiifpota§9mm. 

The  presence  of  a  great  quantity  of  non-volatile  organic  sub- 
stances often  completely  prevents  protoxyde  of  iron  from  being 
precipitated  by  alkalies. 

*  If  a  sufficient  quantity  of  tartaric  acid  be  added  to  a  solution 
of  protoxyde  of  iron,  ammonia  does  not  produce  any  precipitate  in 
the  liquor;  but  soch  a  liquor  assumes  a  green  ooloar,  which  after 
some  time,  by  exposure  to  the  air,  becomes  yellow,  because  it 
becomes  oxydised,  and  the  Uquor  then  contains  peroxyde  of  iron. 
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9*  PEROXYDE  OF  IRON,  Fe.O,. 

[SBSqUIOXTDB  OF  I  BON.] 

(pxyde  ferriquc.) 

In  the  pure  state  pennq^de  of  iron  has  a  reddish  brown  oolonr 
when  pnlTerised.  Ciystallised  peroxyde  of  inm,  as  it  is  found 
in  nature,  (oligisto-magnetie  iron)  Is  grey,  and  has  a  metallic 

lustre The  pcroxydc  of  iron  precipitated  from  its  solutions  is 
very  bulky,  but  undergoes  an  extraordinary  contraction  by  dry- 
ing; after  ignition  it  is  blacky  yet  when  pulverized  it  forms  a 
red  powder^  as  well  as  the  crystaUized  natural  pcroxyde — 
oligist  iron.  Recently  precipitated  perozyde  of  iron  is  very 
soluble  in  adds,  but  after  ignition  it  is  of  much  more  diffi- 
cult solution ;  yet  dissolves  completely,  and  in  muriatic  acid 
better  tliau  in  any  other  acid.  *  Neutral  persaltsof  iron  appear 
.to  be  white;  the  basic  ones  are  yellow,  brown,  or  reddish 
brown. 

A  solution  of  potash  produces  in  solutions  of  pero^de  of 
iron  a  bulky  reddish  brown  precipitate  of  hydrated  perozyde, 

which  is  insoluble  in  an  excess  of  potash. 

Ammonia  behaves  like  potash  with  solutions  of  peroxyde  of 
iron. 

A  solution  of  OABBONAn  or  povash  produces  likewise  in 
solutions  of  peroxyde  of  iron  a  reddish  brown  precipitate,  which 
has  a  somewhat  lighter  tint  than  that  produced  by  pure  potash. 


'  According  to  W.  Phillips,  native  oligist  iron  is  of  a  deep  steel  grejr  c(4our,  witli 
*  brinimt  and  oAon  irideaoaDt  ianiah  extemuliiy.  It  ooeam  lamelbr  and  oi7>tal* 
liaed  b  nianjfoniia,whie!i  aredctiTMfivmaaUgfallyarato  The  general 

Ibmi  ofthia  aobalaiiea^  aapaeialljr  Hiat  from  EDia,  la  aa  foUoira:— 
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or  by  ammonia.  *  This  precipitate  is  a  hydrate  of  peroxyde^ 
which  genernlly  contains  a  little  carbonic  acid. 

A  solution  of  bicarbonate  of  potash  determines  in  solu- 
tions of  peroityde  of  iion  a  light  reddish  brown  ptrecipitate, 
scoompamed  bj  a  disengagement  of  carbonic  add.  If  the 
liquor  be  boiled,  the  disengagement  of  carbonic  acid  gas  is  more 
abundant,  and  the  precipitate  becomes  darker'. 

A  solution  of  cabbonate  op  ammonia  behaves  with  ferric 
solutions  like  carbonate  of  potash 

A  solution  of  phospbats  ov  soda  Ibrms  a  white  precipitate 
of  nentnl  perphosphate  of  iron  in  nential  lolntions  of  peroxjde 
of  that  metal.  This  precipitate  turns  brown  by  addition  of 
ammonia,  and  after  some  time  is  completely  dissolved  by  that 
alkali,  provided  an  excess  of  phosphate  of  soda  has  been  added. 
*  The  solution  has  a  reddish  brown  colour.  If,  on  the  contrary, 
the  solution  of  peroxyde  of  iron  be  in  exoess,  the  addition  of  am- 
monia precipitates  a  veiy  basic  perphosphate  of  iron  mixed  with 
peroxyde  of  iron,  from  which  ammonia  may  take  up  a  little 
phosphoric  acid,  but  uo  peroxyde.  This  precipitate  of  per- 
phosphate of  iron  is  soluble  in  solution  of  carbonate  of  ammonia. 
A  solution  of  carbonate  of  soda  added  to  the  precipitate  of 
peri^osphate  of  iron  does  not  at  first  change  the  white  colour  of 
this  persslt,  but  after  some  time  it  becomes  reddish  brown,  and 
the  perphosphate  is  then  partly  soluble  in  a  large  excess  of  csr- 
hoiiute  of  soda.  Ou  the  contrary,  pure  potash  immediately 
changes  the  colour  of  the  perphosphate  of  iron  into  reddish 
brown,  analogous  to  that  of  puro  peroxyde  of  iioii  and  takes 
up  much  phosphoric  add,  but  not  sll,  and  does  not  dissolve  any 
poftion  of  peroiQ^e  d  iron. 

>  M.  Wcriikr  him  observed,  that  the  hydnte  of  peroxyde  of  iron  recently  precipi- 
tated, IB  entirely  soluble  in  carbonate  of  aninionia  mldcd  in  sufficient  quantity. 
M.  Bcrzelius  in  reporting  this  observation  rcniaiL'*,  tliut  the  prop«Tty  which  alka- 
line bicarbonates  have  of  disaolving  recently  precipiuuni  hydrate  of  puruxyde  of 
iron  hac  been  long  known,  but  that  its  solubility  in  oscbomta  of  smmonifcy  to  wbidi 
the  •Mealioii  of  dMnibta7  Ind  not  Uthnlo  been  aM,  tbonld  indnoo  them  to 
ii%nitilfn  ttie  use  eC  tUi  mifl^t  to  pceeipttBto  pennjde  of  fapon.  M.  Berzclins, 
however,  says,  that  whatever  bo  the  excess  of  carbonate  of  ammonia  employed,  the 
peroxyde  of  iron  u  hu  h  it  may  have  dissolved  ieoUtreZy  precipitated  by  diluting  it 
with  *  sufficient  (quantity  of  water. — Ed. 
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A  solution  of  OXALIC  ACID  (locs  not  yield  any  precipitate 
with  solutions  of  peroxide  of  iron;  the  liquid  only  assumes  a 
yellowish  tinge. 

A  floluttoii  of  FBEBOCTAirvBBT  OP  POTASSIUM  (yellow  prussuite 
of  potash)  detemunes  in  sotutioiis  of  peroxyde  of  iron,  an 
immediate  daxk  blue  precipitate  of  Prussian  bln^  wbich  is 
insoluble  in  muriatic  acid [See  note,  page  85.] 

A  solution  of  fer&ictanuret  op  fotassium  (red  pnusiate  of 
potash)  does  not  produce  any  precipitate  in  solution  of  peroxyde 
of  iron^  bnt  the  liquid  then  becomes  a  little  darker  in  colour. 
*  If,  however,  the  liquor  contains  the  least  trace  of  protoi^de  of 
iron,  a  blue  precipitate  is  instantly  produced*. 

*  Infusion  op  galls  produces  in  neutral  solutions  of  peroxyde 
of  iron  a  daxk  blue- black  precipitate  [ink],  and  if  there  be  only 
traces  of  peroxyde  of  iron,  the  liquor  becomes  purple,  but  it 
must  be  as  neutral  as  possible.  A  free  add  dissolves  the  pre- 
cipttate,  and  addition  of  ammonia  added  after  the  infusion  of 
gaUs  determines  a  precipitate  of  a  reddish  black  colour. 

H YDROsuLPHUiiET  OF  AMMONIA  dcteraiiucs  in  neutral  solu- 
tions of  peroxyde  of  iron,  a  black  precipitate  of  sulphurct 
of  iron  which  is  insoluble  in  an  excess  of  the  re-agent*. 
The  precipitate  becomes  oi^dised  in  contact  with  the  air 
and  assumes  a  reddish  brown  colour.  *  "When  the  quantity 
of  peroxyde  of  iron  is  very  minute,  hydrosulphuret  of  am- 
monia Drives  the  liquor  a  green  colour,  and  the  little  sul- 
phurct of  iron  which  is  suspended  in  the  liquor  is  slowly  depo- 
nitod  therefrom.  This  green  colour,  produced  by  hydrosulphuret 
of  ammonia  in  a  solution  which  contains  only  a  minute  trace 
of  peroxyde  of  iron  is  a  much  mora  delicate  characteristic  of 

*  If  tbe  ■ohttkm  of  the  pcnklt  of  iron  be  very  dilute,  and  oxalle  Mid  or  u  oouUnte 

of  potash  be  present,  ferrocyanurct  of  poUuistam  does  not  produce  any  precipitate 
of  Pnixsitui  blue,  because  tliis  «nib«itnncc  is  soluble  in  oxalic  acid  and  in  binoxalatc 
of  putoHh.  This  precii>itntc  of  Prussian  blue  in  immediately  decompoeed  by  potMh 
or  Boda,  and  peroxyde  of  iron  is  precipitated. — Ed. 

*  Aceording  to  HertiBg,  hnkyuxuret  of  potaaeiiiin  may  detect  ^^i^nn 
oxyde  of  ifODw— Ed. 

'  Thin  piveipitAte  of  ndphnret  of  irai  b  abo  inaolable  ia  alkaUee  and  fvlplraieta 
of  alicalies,  but  it  diamlvet  eeoOy  in  mnriatie  and  in  nitfie  aeidi^ED. 
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the  presence  of  this  hitter  substance  than  the  precipitate  of  per- 
oxyde  of  iron  produced  by  ammonia.  When  ammonia  has 
fidled  in  giving  a  predpitate^  a  green  ook>mr  may  yet  be  pro- 
duced by  pouring  hydrosulphuzet  of  ammonia  in  the  liquor. 

Sulphuretted  htdrooen  in  solution  or  in  the  gaseous 
state,  determines  in  both  neutral  and  acid  solutions  of  peroxyde 
of  iron,  a  milky  white  precipitate^  which  ia  aulphur*.  The 
tiqiior,  after  the  ezpidson  of  the  hydrogen,  oontaina  protoi^de 
of  iron.  *  Aqueous  solution  of  sulphuretted  hydrogen  produces 
a  black  precipitate  of  snlphoret  of  iron  when  poured  in  a  neu- 
tral solution  of  peracetate  of  iron ;  but  if  the  liquor  contains 
any  free  acetic  acid^  a  milky  white  precipitate  of  sulphur  only 
is  obtained 

*  Add  scdutions  of  persalts  of  iron  have  a  yellow  colour,  which 
by  boiling  become  reddish.  Nentfal  sdntions  of  persalts  of 
iron  have  a  reddish  colour.   If  a  small  quantity  of  ammonia 

or  of  another  alkah  be  poured  in  such  a  solution,  a  precipitate 
of  hydrated  peroxyde  is  indeed  formed,  but  which  disappears 
by  stirring  the  liquor;  the  result  is  a  basic  pcrsalt  of  iron, 
which  is  soluble^  and  the  colour  of  which  is  redder  than  that  of 
the  neutral  solution.  But  if  the  persalt  of  iron  becomes  basic 
by  the  addition  of  a  larger  quantity  of  alkali,  it  separates,  and 
it  is  converted  by  an  excess  of  alkali  into  hydrated  peroxyde 
of  iron. 

When  the  solution  of  a  neutral  or  of  a  basic  persalt  of  iron 
is  boiled,  the  greater  part  of  the  peroi^de  of  iron  ispredpitated. 

The  persalts  of  iron,  which  are  soluble  in  water,  are  decom- 
posed by  a  red  heat  in  contact  with  the  air. 

Neutral  solutions  of  persalts  of  iron  redden  blue  litmus  paper. 

1  TUB  milkj  wbifea  tuUdiicM  is  owiof  to  flw  deeon^radlioii  of  llie  nl^Anretted 
hydrogan,  the  hydrogen  of  wUoh  x«duces  the  persalt  to  the  state  of  the  protoealt  by 
taking  up  one-third  uf  the  oxygen  of  tlie  permit,  with  whioh  it  loniW  mtar,  whilit 
the  sulphur  s+epai-attH  in  the  state  of  fine  powder, — Kd. 

'  The  concentrated  solutions  of  some  persalts  of  iron,  but  especially  those  of  por- 
cUoride  aod  of  peimdphato  of  iron,  Koeive  »  Uood^dl  «oknr  ftomflie  addition  of 
wi^lioqranio  •dd^ond  the  ■oluMe  «ilpiiocqf»iiid«w^Mid  muh  as  oplpho^anido  of  pot. 
mtoBL  Thb  iMt  n-fgnt  h,  mootding  to  Dr.  Fkesenius,  die  most  deKoate  of  aO. 
TinetVB  of  opium  prodnNs  alw  a  l)iood*ied  cotour  ia  ooiatioM  of  panaha  of  iron* 
—Ed. 
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The  persalts  of  iron,  which  arc  insoluble  iu  water,  are  soluble 
in  muriatic  acid^  or  in  dilute  sulphuric  add.  If  a  solution  of 
potaah  or  of  ammonia  be  added  to  such  a  solationj  so  as  only 
just  to  Bupenatnrate  it,  the  insoluble  compound  is  precipitated 
with  its  characteristic  colour,  and  which,  in  most  oases,  is  a 
white  colour,  as  for  example,  in  phosphate  and  arseniate  of 
pcroxydc  of  iron.  But  the  greater  the  proportion  of  alkali 
added^  and  especially  of  potash,  the  more  reddish  brown  the 
precipitate  becomes.  Hydrosulphuret  of  ammonia  renders  this 
precipitate  instantly  black,  converting  it  into  sulphuret  of  iron. 

Before  the  blow-pipe,  the  behaviour  of  persalts  of  iron 
resembles  that  of  protosalts  of  iron. 

Solutions  of  pcroxydc  of  iron  arc  most  clearly  distinguished 
from  those  of  other  bases  by  their  behaTiour  with  sulphuretted 
hydrogen,  hydrosulphuret  of  ammonia^  and  ferrocyanuret  of 
potassium.   The  use  of  these  three  tests  easily  identifies  them. 

All  iiou-voliitilc  ORGANIC  SUBSTANCES  prevcnt  the  complete 
precipitation  of  peroxyde  of  iron  by  alkalies,  pro\idcd  they  be 
not  in  too  large  proportion.  However  a  solution  of  ferro- 
cyanuret of  potassium,  even  in  such  cases,  yields  as  yet 
a  precipitate;  and  when  the  solution  has  previously  been 
supersaturated  with  ammonia,  which  has  fafled  to  produce  a 
precipitate,  hydrosulphuret  of  ammonia  will  determine  a  black 
precipitate  of  sulphuret  of  iron. 

*  Certain  organic  substances^  swch  as  albumen,  for  instance', 
either  render  the  predpitation  of  sulphuret  of  iron  difficult,  or 
even  oompletdy  hinder  it ;  in  such  a  case  the  sulphuret  remams 
suspended  in  the  liquor  and  communicates  a  green  colour  to  it. 

The  COMPOUNDS  of  protoxyde  and  of  peroxyde  op  iron 
{ferroso-ferric  oxyde)  called  common  or  octaedral  mtignetic  iron 
ore  (FeO  +  Fc  jOj)  are  very  common  in  nature.  They  are  also 
formed  when  iron  is  heated  red  hot  in  contact  with  the  air  [the 
scales  of  iron  at  the  smith's  forge].   The  first  has  always  the 

*  Aooosding  to  Dumas,  quoted  by  ProfeMor  Bnuid«^  tiie  Mmm  of  Che  blood,  bot 

solutions  of  polntin,  starch,  gum-arabic,  starch  sugar  and  diabetic  sugar,  glyoatine, 
mamiitc,  tartaric,  citric^  malic,  mnou^  kink^  aod  poetio  andi  fvodiioe  the  — 

cff(^t. — £o. 
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same  composition,  but  not  the  latter.  All  these  combinations 
are  black  and  strongly  magnetic. 

To  detect  the  pfeaenoe  of  the  two  o:^des  in  these  oompoimds, 
th^  aie  introdnoed  with  concentrated  nraristic  acid  in  a  chwed 
flask,  and  when  dissolved  a  part  of  it  is  treated  with  an  excess 
of  au  aqueous  solution  of  snlphnretted  hydrogen ;  the  white 
precipitate  tlius  produced,  and  which  is  sulphur,  shows  the  pre- 
sence of  peroxyde  of  iron ;  another  portion  is  now  to  be  taken, 
dihited  with  water  and  sdation  ci  ferricymnuret  qfpotamum 
added,  which,  if  it  produces  a  dark  Une  precipitate,  indicates  the 
presence  of  protawyde  of  iron. 

*  Fcrro so -ferric  oxydc  of  iron  is  completely^  though  slowly, 
soluble  in  muriatic  acid.  It  is  precipitated  from  its  solution  in 
the  state  of  a  hydrate  by  ammonia  and  by  the  alkaline  car- 
bonates ;  the  precipitate  has  a  brown-bhick  colour.  If,  however, 
a  qoBoaldty  of  the  re-agent  only  suffident  to  precipitate  the 
whole  of  the  ferroso-ferric  oxyde  be  added,  and  if  the  whole  be 
well  stirred,  a  precipitate  of  hydratcd  peroxyde  of  a  pure  reddish- 
brown  colour  is  at  first  obtained,  but  which  becomes  black  by  a 
fiurther  addition  of  the  re-agent.  The  ferroso-feiric  hydrate  is 
magnetic  even  whilst  moist ;  in  this  state  it  is  much  more  slowly 
conyerted  mto  peroxyde  of  iron  than  the  hydrated  protozyde. 
In  the  dry  state  it  is  unalterable  in  the  air. 

20.  OXYDE  OF  CADMIUM,  CdO. 

{0.n/dc  cadumtq^te.) 

Pure  oxydc  of  cadmium  has  a  reddish-brown  colour,  at  least 
when  reduced  to  powder.  It  is  neither  fusible  nor  volatilizablc 
by  heat,  hut  if  mixed  with  organic  substances  or  with  pulverised 
<*|yaiwial  it  volatilises^  because  it  is  then  reduced  into  metallic 
cadmium,  which  is  very  volatile.  Its  hydrate  is  white,  and 
absorbs  a  little  carbonic  acid  by  exposure  to  the  air ;  when 
heated  it  loses  its  water,  and  assumes  the  reddish -brown  colour 
of  the  oxyde.  Both  oxyde  of  cadmium  and  its  hydrate  are 
easily  soluble  in  adds.   Salts  of  cadmium  are  white. 

A  solution  of  potass  produces  in  the  solutions  of  the  salts 
of  cadmium,  which  are  soluble  in  water,  a  white  precipitate  of 
hydrated  oxyde  of  cadmium,  insoluble  in  an  excess  of  potash. 
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Ammonia  dctermijics  in  neutral  solutions  of  oxyde  of  cadmium 
a  white  precipitjitc  of  hydrate  of  oxyde  of  cadmium,  which  is  very 
easily  soluble  in  a  slight  excess  of  ammonia*. 

A  solution  of  cabbonatb  ov  potash  detennines  in  solution 
of  osyde  of  cadmium  a  white  predidtate  of  carbonate  of  cadmium, 
insoluble  in  an  excess  of  the  re-agent. 

A  solution  of  bicarbonate  op  potash  likewise  produces,  in 
neutral  solutions  of  oxyde  of  cadmium,  a  white  precipitate  of 
carbonate  of  cadmium,  accompanied  by  a  disengagement  of 
carbonic  add. 

A  solutkm  of  CABBONATB  OF  AKMoviA  produoes  in  solutions 
of  oxyde  of  cadmium,  which  may  contain  mudi  muriate  of 

ammonia,  a  white  precipitate  of  carbonate  of  cadmium,  insoluble 
in  an  excess  of  the  re-agent'. 

A  solution  of  phosphate  of  soda  determines  a  white  preci- 
pitate of  phosphate  of  cadmium  in  neutral  solutions  of  oxyde  of 
cadmium. 

A  solution  of  oxalic  acid  poured  in  neutral  solutions  of 
oxyde  of  cadmium  renders  them  immediately  turbid.  This 
precipitate,  which  is  oxalate  of  cadmium,  is  easily  soluble  in  pure 
ammonia. 

A  solution  of  pbbboctanubbt  of  potassium  produoes  in 
solution  of  oxyde  of  cadmium  a  white  predpitate  of  ferro- 

cyanurct  of  cadmium,  whicli  lius  a  very  slight  tinge  of  yellow, 
and  which  is  soluble  in  muriatic  acid. 

A  solution  of  ferricyanurst  of  potassium  produces  in 
solutions  of  oxyde  of  cadmium  a  yeUow  precipitate  of  ferri- 
cyanuret  of  cadmium,  soluble  in  muriatic  add. 

*  Infuston  of  oalu  does  not  render  neutral  aolutimis  of 

oxvde  of  cadmium  tnrbid. 

Hyorosvlpuuret   of  ammonia  determines    in  neutral 

*  Berzclius  says,  wlicn  ammonia  is  poured  upon  pure  anhydrous  oxy<le  of  catl- 
mimil  it  becomes  at  first  wliitGi  and  then  it  dissolves ;  and  if  tho  ainniouia  is  driven 
off  by  eraponition,  oxyde  of  cadimiiiii  !•  dipotited  in  tiie  state  of  %  nmeihginoiia 
hydratOd — Ei>. 

*  GbiboDate  of  ammcidJK  not  hMiog  tfie  power  to  dissolve  oxyde  of  cadmium,  is 
tho  re-ncrent  employed  for  separatiQg  oxyde  of  oedniiiim  ftom  oxydo  of  sine,  which  Is 
soluble  in  cerbonete  of  amnKnua.— Eow 
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solutions  of  oxyde  of  cadiiuuin  a  yellow  pTecipitatc  of  sul- 
phuret  of  cadmium,  insoluble  in  an  excess  of  the  re-agent^  and 
unalterable  in  the  air'. 

SiTLVHUBmio  HTDKOGSN^  either  in  solution  or  in  the 
gaseous  stated  pfodnoes  a  yeUow  precipitate  of  sulpburet  of 
cadmium  in  alkafine  and  in  acid  solutions  of  oxyde  of  cadmium. 

A  rod  oC  METALLIC  ziNT  precipitatcs  metallic  cadmium  from 
its  solutions  in  the  state  of  grey  shining  spangles. 

The  salts  of  oxyde  of  cadmiunii  which  are  soluble  in  water^ 
aie  decompoBed  bj  exffomue  to  a  red  heat. 

Neutral  solutions  of  salts  of  ffadmium  redden  litmus  paper. 

The  salts  of  oxyde  of  cadmium,  which  are  insoluble  in  water, 
arc  soluble  in  acids.  It  is  very  easy  to  recognise  the  ])rcsence 
of  oxyde  of  cadmium  in  these  acid  solutions,  by  means  of  the 
yeDow  solphuiet  which  the  solution,  or  a  current  of  sulphuretted 
liydrogen  gas  determines  theiebi. 

Before  the  blow-fips  salts  of  oxjde  of  cadmium  may  be 
detected,  when,  after  mLxing  them  with  soda,  they  are  heated  upon 
charcoal  in  the  interior  flame;  the  charcoal  becomes  then  covered 
with  a  reddish  brown  powder,  which  is  oxyde  of  cadmium. 

*  Jf  oiyde  of  sine  contains  the  smallest  quantity  of  oi^de  of 
cadmium,  by  ezposiiig  the  compound  for  a  few  momente  to  the 
action  of  Hie  reducing  flame,  in  conjunction  with  a  little  soda, 
the  presence  of  oxyde  of  cadmium  hecomcs  manifest,  for  the 
charcoal  then,  at  a  short  distance  from  the  assay,  becomes 
covered  with  a  powder  of  a  dark  yellow  colour,  which  is  better 
peonei¥ed  after  tiie  chaiooal  has  become  cohi.  It  is  necessary 
toblowfora  longer  tone  in  order  to  obtain  a  deposit  of  oiyde  of 
zinc  on  the  charcoal. 

Solutions  of  oxyde  of  cadmium  may  be  easily  distinguished 
from  those  of  the  preceding  bases  by  their  deportment  witli 

solution  of  sulphuretted  hydrogai>  and  with  hydrosulphuret  of 

 ^  • 

The  presence  of  non-volatile  organic  substancbs  prevents 

*  It  is  a  |ir>)f[nitetft  of  a  flm  onagft  «r  reddish  yellow  ooloor,  somewhat  rescm- 
bliog  orpiment,  but  distinct  from  bMMiw  H  is  not  lloeeoliD^  sad  easily  falls  at 
tiM  bottom  of  the  liqoor.r— Ea. 
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oxyde  of  cadmium  from  being  precipitated  from  its  solutioiM  hy 

potash^  but  have  no  influence  on  the  actions  of  the  solutions  of 
the  alkaline  carbonates. 

31.  OXYDES  OF  LEAD. 
1*  nxmxnm  ov  lbad,  FbO. 

(Oxyd4  plomhique.)  , 
Pure  protoxydc  of  lead  is  yellow,  and  its  powder  hivs  a  reddish 
tinge.  (*  By  long  exposure  to  the  air  it  gradually  absorbs  car- 
bonic  add,  but  without  ebanging  colour,  and  then  it  sligbtljr 
effmesces  witb  adds :)  it  easily  melts  at  a  dark  red  beat ;  and 
if  it  be  melted  in  large  quantities,  it  is  scaly,  and  has  an  orange 
or  a  yellow  colour  j  but  its  powder  is  reddish-yellow.  In  fusing 
it  dissolves  earths  and  metaUic  oxydes At  a  white  heat  it  vola- 
tilises, especially  with  the  contact  of  the  air.  When  mixed  with 
organic  snbstanoea  or  charcoal  powder  it  is  easily  reduced  by 
beat.  It  is  not  quite  insoluble  in  pure  water,  but  it  does  not 
dissolve  in  water  which  contains  minute  traces  of  a  salt  of  anv 

» 

kind.  The  best  solvent  of  i)rotoxydc  of  lead  is  nitric  or  acetic 
add.  When  these  acids  £ul1  in  dissolving  it  completely,  it  ia  a 
proof  that  it  is  not  pure.  Commercial  litlunge  often  contains 
silidc  add,  which  remains  undissolved  after  treatment  with 
adds.  *  Salts  of  lead  are  colourless,  tb^  have  an  a^cable, 
sweet,  and  styptic  taste. 

A  solution  of  potash  produces  in  solutions  of  the  soluble 
salts  of  protoxyde  of  lead  a  white  predpitate  of  bydrated  pro- 
toxydc, soluble  in  a  pretty  large  excess  of  the  re-agent,  espe- 
cially with  the  bdp  of  beat  ^ 

Ammonia  determines  a  white  predpitate,  insoluble  in  any 
excess  of  ammonia,  and  which  consists  ordinfirily  of  a  basic  salt 
of  protoxydc  of  lead,  (a  solution  of  acetate  of  lead  is  not  trou- 
bled by  ammonia,  even  though  that  solution  be  rather  concen- 

'  It  is  owing  to  tliis  property  tlmt  tho  pota  in  which  vnrioiu  metallic  ores  are 
toiielted  become  dMnaged,  «nd  unfit  for  oae  when  these  ores  contain  ox;^  of  lead. 

—Ed. 

•  Aeeotdioig  to  Berzcllus,  1 1  parts  of  potasli  and  1 3  of  soda  digeolve  one  part  of 
piotoxyde  of  iMd—En. 
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tnted;  but  after  aome  tune,  a  banc  acetate  of  lead  is 
d^otited*. 

A  solution  of  CAinjQNATi;  or  potash  produces  in  solution 
of  protoxyde  of  le^ad  a  wliite  precipitate  of  carbonate  of  lead, 
insoluble  in  an  excess  of  thepredpitant,  soluble  in  pure  potash. 

Aaolution  of  bicabbonatx  or  potash  produces  the  same 
precipitate  of  carbonate  of  lead,  but  with  disengagement  of 
carbonic  acid. 

A  solution  of  CARBONATE  OF  AMMONIA  bchavcs  with  solu- 
tions of  protoxyde  of  lead  like  those  of  carbonate  of  potash. 

A  solution  of  prospbats  of  soda  forms  in  solutions  of  neu- 
tral salts  of  lead  a  white  precipitate  of  phosphate  of  lead  soluble 
in  a  solution  of  pure  potash. 

A  solution  of  oxalic  acid  produces  an  immediate  white 
precipitate  of  oxalate  of  lead  in  solutions  of  neutral  salts  of 
protoxyde  of  lead. 

A  solution  of  FBBBOCTANUBBT  OF  POTASSIUM  produces  a 
white  precipitate  of  ferrocyanuret  of  lead  in  solutions  of  pro- 
toiyde  of  lead. 

A  solution  of  ferricyam  rkt  of  potassu  m  produces  no 
precipitate  in  lead  solutions^  because  ferricyanuret  of  lead  is 
sohable  in  water. 

*  Ikfusiob  of  oalls  produces  a  dirty  yellow  precipitate  in 
neutral  solutions  of  protoxyde  of  lead. 

Hydrosulphuret  op  ammonia  produces  a  black  precipitate 
of  sulphuret  of  lead,  insoluble  in  an  excess  of  the  re-agent. 

♦  If  the  hydrosulphuret  of  ammonia  employed  be  not  recently 
prepared,  and  have  a  yellow  colour,  it  may  determine  a  reddish- 
brown  precipitate,  but  which  nevertheless  becomes  always  black 
by  standing.  A  solution  of  sulphuret  of  potassium,  such  as 
exists  in  common  liver  of  sulphur '  determines  also  a  reddish- 

'  This  precipitatf  is  a  hcxacetate  of  leiul  (acetate  s^plombujue),  composed  of 
6  atonui  uf  oxyUe  of  lead  and  1  of  acetic  acid.  It  is  purely  astringent,  not  sweet,  and 
qianngly  aoliibk  in  aold  «aiMr.  At  fitit  tba  solitiioii  of  aoeteta  of  ksd  ii  not  pvo- 
dpteted  hj  anmvmia,  beeanw  a  Mdable  triMoateto  of  ImmI  is  fonned,  wUeh  pMwo 
into  dw  steto  of  a  hoxaoeiato  only  after  •omo  time  haa  eli4)0Bd.~Ei>. 

*  Uvwr  of  aolpinir,  on  aeoouat  of  ito  ooloiir,  woo  tho  naiiio  girai  fomoilj  to  tho 
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brown  precipitate  in  aolntionB  of  protoi^e  of  lead,  and  this 
precipitate  tnniB  black  Ukewiae  by  atandmg. 

Sulphuretted  hydrogen  dissolved  in  water  or  in  the 
gaseous  state^  produces  a  black  precipitate  of  sulpliuret  of  lead 
in  aolutions  of  neutral  and  of  add  salts  of  lead. 

^Whea  these  aokitumB  contain  only  an  extremely  feeble 
quantity  of  protozyde  of  lead,  aqneona  BQlution  of  aidpbaretted 
hydrogen  produces  a  brown  colour.  If  a  solution  of  sulpbnretted 
hydrogen,  to  which  muriatic  acid  has  been  added,  be  poured 
in  a  solution  of  protoxyde  of  lead,  taking  care  that  the  sulphur- 
etted hydrogen  does  not  predominate^  a  red  or  browniah-red 
precipitate  is  obtained,  wbicb  bowerer  turns  black  spontaneonsly 
after  some  time.  This  precipitate  becomes  immediately  black 
il  a  larger  portion  of  the  re-aj^ent  is  used  '. 

A  rod  of  METALLIC  ZINC  plungcd  in  solution  of  protoxyde  of 
lead  precipitates  shining  spangles  of  a  blackish-grey  colour, 
which  are  metallic  lead*. 

Solutions  of  protoi^e  of  lead  are  likewise  precipitated  by 
a  few  re-agents  which  do  not  produce  any  precipitate  in 
solutions  of  tlic  oxydcs  of  which  we  have  hitherto  treated. 

Dilute  SULPHURIC  acid  and  solutions  of  sulphates  give  in 
solution  of  oxyde  of  lead  a  white  precipitate  of  sulphate  of  lead, 
which  is  almost  insoluble  in  water,  but  which  is  taken  up  by  a 
solution  of  potash.  It  is  especially  this  precipitate  which  indi- 
cates the  presence  of  oryde  of  lead  in  solutions,  because  sul- 
phuric acid  produces  compounds  which  are  insoluble  or 
sparingly  soluble  in  dilute  acids^  with  no  other  substances 
except  baryta,  strontLa,  lime,  and  oxyde  of  lead.  Sulphate  of 
lead  differs  firom  the  earthy  sulphates  in  this,  that  it  is  scduble 

compounds  obtained  by  fusing  potMh  OT  carbonate  of  potash  with  sulphur ;  or  hy 
the  action  of  charcoal  and  heat  upon  sulphate  of  potash.  The  result  is  always  a 
eulphuret,  bisulphurct,  or  a  persulphurot  of  potassium,  according  to  tlie  quantity 
of  sulphur  employed,  mixed  with  hyposulphite  of  potash,  which  becomes  converted 
into  mlplHito  of  dut  b—o.  En* 

*  Aeeording  to  Mr.  Harting,  ralphiifietted  hydrogen  bmj  doteefc  Yrftnv  ^  1^ 
in  solution. — Ed. 

'  Accordmg  to  Mr.  Ilartmg,  ft  W  of  motaUio  aoe  fonm  ft  aenaible  preei|ntftto 

^'^^        of  1m(1— £d. 
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in  solution  of  potash,  and  especially  because  when  moistened 
with  hydrosiilphuret  of  ammonia^  it  immediately  turns  black 
[which  is  not  the  case  with  the  sulphates  oS  baiyta,  lime^  or 
strontia.]  *  This  salt  is  soluble  in  liot  muriaHe  add,  and  the 
liqnor  on  oooiling  deposits  crystalline  spangles  of  chloride  ci 
lead.  Sulphate  of  lead  is  also  slightly  soluble  in  hot  nitric  acid, 
but  the  acid  must  not  be  dilute.  The  re-agents  in  which  it  is 
most  soluble  are  the  solutions  of  some  salts^  for  instance,  acetate 
of  ammonia  \  It  ii  less  aoluble  in  dilute  sulphuric  add  than  in 
an^  other  v^icle'. 

Muriatic  acid  and  solutions  of  metallic  chlorides  pro- 
duce in  solutions  of  oxyde  of  lead,  provided  they  be  not  too 
dilute^  a  white  precipitate  of  chloride  of  lead,  which  redissolves 
hy  the  simple  addition  of  water.  Ammonia  produces  in  this 
solution  of  chloride  of  lead  a  white  precipitate  which  is  a  com- 
pound of  chlonde  and  of  oxydc  of  lead.  The  precipitate  which 
is  produced  by  muriatic  acid  and  solutions  of  metallic  chlorides 
is  likewise  soluble  in  potash. 

*  Chloride  of  lead  is  more  solublein  pure  water  than  in  water 
which  contains  free  muriatio  add,  wherefore  this  acid  pred- 
pitates  it  from  its  concentrated  aqueous  solutions  V 

A  solution  of  iodide  of  potassium  determines  in  solutions 
of  protoxyde  of  lead  a  yellow  precipitate  of  iodide  of  lead,  which 
is  soluble  in  a  large  excess  of  the  re-agent  \ 

'  Sulphate  of  lead  i«  also  soluble  in  solutions  of  the  acetates  of  potash  and  of  soda. 
According  U)  the  experiments  of  Bischof,  1  part  of  sulphate  of  le/ul  is  soluble  at  a 
temperature  of  53".  6  Fahrea.,in  172  parts  of  nitric  acid  of  sp.  gr.  1*144;  in  969 
parte  of  aolotioii  of  nUnte  of  mmmiift,  sp.  gr.  1*29 ;  in  47  parts  of  s  solution  of 
aeetete  of  ammonm,  qp,  gr.  1-086.  TUs  {uroperty,  wUeh  aeeteto  of  ammonia  po»> 
meemea  of  diMoMng  •ulphate  of  lead,  observefl  Berzelius,  may  be  oaeAilly  woorted  to 
for  the  purpme  of  separating  sulphate  of  lead  from  other  precipitates. — Ei>. 

'  According  to  Mr.  Harting,  sulphuric  acid  gives  an  appreciable  precipitate  in 
•olations  which  contain  ^(^(^q  of  lead. — Ed. 

*  One  part  of  chloride  of  lead  requires,  according  to  Bischof,  1 35  parts  of  water 
ISor  iSi  tohitiM.  GbloKidtt  of  oaloiiim  dimhtiiJw  mndi  llie  MhibiUlgr  of  diknidA  of 
lead  in  mtar,  wbonifiwe  it  pvodooe*  »  pndpitite  in  oonesnlmled  ooiatioiia  of 
dilovide  of  lead.— En. 

*  This  precipitate  of  iodide  of  lea<l  ha«  a  fine  lemon-yellow  colour,  and  is  also 
soluble  in  hot  water,  and  slightly  even  in  cold  water.  According  to  Denot,  194 
parte  of  boiling  water,  and  1235  parts  of  water  at  the  ordinary  temperature,  dissolve 
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A  solution  of  OBKOIf  ATB  OF  P0TA8B  0811868  in  SOlntioOS  of 

protoxydc  of  lead  a  yellow  precipitate  of  chromatc  of  lead  inso- 
luble in  dilute  nitric  acid,  soluble  in  solution  of  pure  potash. 
*  Digested  with  ammonia,  this  yellow  precipitate  becomes  of  a 
reddish  oolonry  becanae  it  becomes  oonverted  into  bibasic  chro- 
mate  of  lead*. 

The  salts  of  lead,  which  are  soluble  in  water,  are  decomposed 
when  exposed  to  a  red  heat  in  contact  with  the  iiir.  Sulphate 
of  lead,  however,  is  not  decomposed  by  a  red  heat. 

Solutions  of  neutral  aalts  of  lead  redden  litmus  paper. 

Most  of  the  salts  of  lead  which  are  insoluble  in  water  are 
soluble  in  nitric  acid.  When  siicb  a  solution  is  not  too  acid  and 
has  not  been  diluted  with  too  large  a  quantity  of  water,  sul- 
phuric acid  determines  a  precipitate  therein.  Sul})liate  of  lead 
is  not  soluble  in  dilute  nitric  acid,  but  it  is  easily  recognised  as 
a  metallic  aalt,  because  by  moistening  it  with  hydrosulphoret 
of  ammonia  it  turns  black,  and  also  because,  treated  before 
the  blow-pipe  with  soda  upon  charcoal^  metaUic  lead  is  very 
speedily  reduced. 

Before  the  blow-pipe  salts  of  lead  are  distinguished,  because 
after  being  mixed  with  sodsy  and  heated  in  the  interior  flame 
upon  charcoal,  they  are  yery  easily  reduced  into  globules  of 
metallic  lead,  which  may  be  flattened  by  the  hammer,  and  are 
not  brittle,  whilst  the  charcoal  becomes  covered  with  a  yellow 
coating. 

Solutions  of  protoxyde  of  lead  are  very  easily  distinguished 
horn  those  of  other  oxydes,  by  their  reaction  with  dilute  sul- 
phuric add.  They  are  distinguished  from  thoae  of  baryta, 
atrontia,  and  lime,  by  their  behaviour  with  hydrosnlphuret  of 

amuiouiu,  and  before  the  blow-pipe. 


one  part  of  iodide  of  lead.  On  cooling,  tlic  solution  made  in  boiling  ^-atcr  depositi 
hexagonal  sparkling  scales  of  a  fine  golden  colour,  which  are  not  altered  by  drjing. 
If  an  insufficient  quantity  of  iodide  of  potaspium  be  added,  so  that  the  eolation  oon- 
tains  an  excess  of  lead,  tlie  precipitate  is  of  a  very  pale  yellow  colour. — Ed. 

'  Tbe  Mnmonia  eombines  with  part  of  the  clironiic  acid,  and  a  subcliromate  of 
iMd  is  the  retolt.  Gbromate  of  potaih,  Moording  to  Vtt,  BarHag,  can  detect 
j^hvo  ^  l«ad  b  Mlntioii^BD. 
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Though  a  solution  of  protoxyde  of  lead  may -contain  many 
oBOANic  SUBSTANCES^  and -67611  be  rendered  quite  dark  by 
them,  yet  snlphnzic  add  precipitates  protoxyde  of  lead  there- 
from. The  presence  of  protoxyde  of  lead  is  detected  in  the 
precipitate  by  fusing  it  upon  i  liiuroal  before  the  blow-pipe,  in 
conjunction  with  soda.  If  the  solution  eontivins  gum,  sugar,  or 
other  like  organic  substances,  the  sulphate  of  lead  is  not  easily 
deposited,  but  remains  in  suspension  for  a  long  time,  and  it  is 
troublesome  to  gather  upon  a  filter. 

When  the  liquid  thus  mixed  with  a  large  quantity  of 
organic  matter  contains  only  traces  of  protoxyde  of  lead, 
sulphuric  acid  yields  no  precipitate.  In  such  a  case,  it  is 
advisable  to  render  the  solution  yetj  slightly  add  by  addi- 
tion of  nitric  add,  and  to  pass  a  current  of  sulphuretted 
hydrogen  throngh  it;  by  which  means,  the  protoxyde  of 
lead  is  completely  precipitated  in  the  state  of  sulpliurct  of 
lead :  yet  a  pretty  long  time  must  elapse  before  the  sulphnret 
has  oompletely  deposited.  If  the  quantity  of  liquid  is  small,  it 
is  snffident  to  pour  in  it  an  excess  of  solution  of  sulphuretted 
hydrogen,  which  predpitates  the  protoxyde  of  lead  in  the  state 
of  sulphuret,  which  is  likewise  to  be  melted  by  the  blow-j)ipe 
upon  charcoal,  in  coDjuuction  with  soda;  by  which  means, 
metallic  lead  is  obtained.  When,  on  the  contrary,  protoxyde 
of  lead  is  mixed  with  oi^^anie  substances,  in  the  solid  or  in  the 
pasty  state,  it  is  best  to  mix  the  whole  with  carbonate  of  soda, 
and  to  expose  it  to  a  red  heat  iu  a  liessian  crucible ;  it  is,  how- 
ever, necessary  in  doing  this  to  avoid  heating  the  mixture  too 
strongly,  which  might  volatilise  the  reduced  lead.  When  the 
whole  has  cooled  down,  the  melted  mass  is  to  be  pulyerised  in 
an  agate  mortar  with  water,  and  the  eharooal  is  to  be  carefully 
separated  by  levigation.  The  metallic  lead  remains  in  the 
mortar,  and  may  then  easily  be  recognised  as  such. 
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2\  RED  LEAD— MINIUM. 

iProb(My2VbO  +  PbOr) 
This  oxyde  it  pulyeraleiit,  and  has  a  brick-red  oolcmr.  When 

gently  heated  it  turns  black ;  but  on  cooling,  it  becomes  red 
agaiu.  A  stronger  heat  converts  it  into  protoxyde  of  lead^  and 
oxygen  is  disengaged.  Nitric  and  acetic  acids  change  its  colour 
into  brown^  because  it  is  thereby  converted  into  pero^de  [Bin- 
oxyde  of  lead,  ?bO«],  which  is  brown,  and  remains  nndis* 
solved,  and  itito  protoxyde  of  lead,  which  dissolves  in  the  acid. 
Pcroxyde  of  lead  is  also  produced  when  tliis  red  oxyde  of  lead  is 
treated  by  the  aqueous  solution  of  chlorine.  If  it  be  heated 
vrith  muriatic  add,  a  chkride  of  lead  is  produced,  accompanied 
by  a  disengagement  of  gaseous  chlorine.  Yet  the  first  action  of 
this  acid  in  the  cold  way  is  to  form  a  little  peroxyde  of  lead. 
Potash  has  no  action  upon  red  lead. 

*  When  red  oxyde  of  lead  is  treated  by  nitric  acid  and  organic 
substances,  a  Uttle  sugar  for  example,  there  is  no  peroxyde  of 
lead  £ormed;  but,  on  the  contrary,  the  red  oi^de  of  lead 
becomes  converted  into  protoxyde,  which  dissolves  in  the  add, 
and  there  is  a  disengagement  of  carbonic  acid.  Brick-dust, 
silica,  and  other  substances,  which  may  frauduleutly  be  mixed 
with  it,  remain  insoluble,  and  may  easily  be  recognise  d. 

Before  the  blow-pipe  red  oxyde  of  lead  behaves  like  the  pro- 
toxyde, into  which  it  is  in  fiu^  converted  by  the  action  of 
the  heat. 

8*.  PEBOXYDE  OF  LEAD,  PbO,. 
[snoxm  ov  saun.] 

Tats  oxyde  has  a  dark-brown  colour,  and  is  pulverulent. 
When  heated,  oxygen  is  disenj^aged,  and  it  is  then  converted 
at  once  into  protoxyde.  When  treated  with  muriatic  acid,  it  is 
converted,  even  in  the  cold  way,  into  chloride  of  lead,  and 
gaseous  chlorine  is  given  off. 
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Before  the  blow-pipe  its  deportment  is  the  same  as  that  of 
protoi^de  of  lead. 

Note  bj  E.  FeUgot 

SUBOXYDE  OF  LEAD,  Pb^O. 

[OXYDE  PLOMBEUX.] 

*  Ths  recent  experiments  of  M.  Pelonse,  which  confirm  and 
extend  those  of  Messrs.  Dnlong  and  Bonssingaiilt,  have  de- 
monstrated beyond  doubt  the  existence  of  a  snboxyde  of 
lead  [Pb,Oj  contauiing  less  oxygen  by  half  than  protoxide  of 
lead  [PbO.] 

*  That  oxyde  is  obtained  pure  by  heating  oxalate  of  lead  to 
about  300*^  cent.»  572''  Fahr.  Pending  all  the  time  of  the  ope- 
ration, a  mixture  of  carbonic  acid  and  oxyde  of  carbon  is  disen* 
gagedj  in  which  these  gases  exist  in  the  ratio  of  1  of  oxjde  of 
carbon  to  3  of  carbonic  acid. 

*  Suboxyde  of  lead  has  sometimes  a  dingy^  at  other  times  a 
▼elTcty  deep  black  colour. 

*  It  is  converted  by  nitric^  snlphuric,  muriatic^  and  acetic 
acids  into  metalKc  lead  and  into  protoxyde  of  lead,  with  which 
these  acids  enter  into  combination. 

It  undergoes  the  same  decomposition  by  treatment  with 
alkalies. 

*  Mixed  with  a  small  quantity  of  water^  in  contact  with  the 
mr,  much  heat  is  evolYed,  there  is  absorption  of  oxygen  firom 
the  atmosphere,  and  the  result  is  a  white  powder^  which  is  the 

ordinary  hydrated  protoxyde. 

*  Exposed  to  a  low  red  heat,  suboxyde  of  lead  is  decomposed, 
toming  a  mixture  of  metallic  lead  and  of  protoxyde  of  lead ; 
the  lead  may  th^  be  dissohred  by  mercury^  which  has  no  action 
on  the  pretoxyde. 
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22.  OXYDE  OF  BISlfUTH,  BiO. 
{oxrmt  BMMonn^irs.} 

Pure  oxyde  of  l)ismuth  is  yellow,  its  colour  ])ecomcs  darker 
when  heated;  Init  on  cooling  it  re-assumes  its  original  Ime.  Ex- 
posed to  a  strong  beat  it  fuses  into  a  glass,  which  after  cooling 
is  yellow.  It  ib  not  volatile  *.  When  heated  with  organic  sub- 
stances, or  with  pulverised  charcoal,  it  is  easily  reduced  into 
metallic  bismuth.  Acids  dissolve  it  readily.  ^lany  salts  of 
bismuth  are  soluble  in  water,  but  not  completely,  because  they 
are  decomposed  by  water  into  an  acid  salt,  and  a  basic  salt,  the 
first  of  which  is  dissolved,  whilst  the  second  being  insoluble  in 
water  renders  it  milky.  When  a  sufficient  quantity  of  nitric 
or  of  muriatic  acid  is  added,  the  solution  is  completely  effected, 
and  the  liijiior  is  then  clear. 

*  The  decomposition  of  nitrate  of  bismuth  into  an  acid  salt, 
and  a  sub-salt,  takes  place  when  about  twenty  or  thirty  parts  of 
water  are  added ;  if  the  quantity  of  water  be  more  considerable, 
a  large  quantity  of  the  basic  salt  is  redissolved,  nay  the  solution 
may  be  rendered  complete  by  abundance  of  water.  The  basic 
chloride  of  bismuth,  which  results  from  the  decomposition  of 
chloride  of  bismuth  by  water  is  completdhjr  insoluble  in  that  fluid, 
and  can  be  dissolved  only  by  adding  a  sufficient  quantity  of 
an  add.  It  is  owing  to  the  insolubility  of  sub-chloride  of  bis- 
muth, that  not  only  solutions  of  chloride  of  sodium,  and  of  other 
metallic  clilorides,  as  wcW  as  small  portions  of  muriatic  acid, 
produce  a  precipitate  in  very  dilute  aqueous  solutions  of  basic 
nitrate  of  bismuth ;  however,  when  a  larger  proportion  of  these 
re-agents  is  added,  the  precipitate  is  re-dissolved.  Alcohol 
dissolves  chloride  of  bismuth  without  decomposing  it. 

A  solution  of  POTASH  f  ields  in  solutions  of  oxyde  of  bismuth 
a  white  precipitate  of  hydrate  of  bismuth  insoluble  in  an  excess 
of  the  re-agent. 

»  BeraeliuB  says,  that  bismuth  is  volatisable  at  n  higli  heiM^  and  may  Im  dMtUled 
in  doae  veaaels,  and  then  sublimes  in  foliated  crystals.— Ed. 
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Ammonia  behaves  in  the  same  maimer. 
A  solution  of  cab3M>natb  op  potash  produces  a  white  pred- 
pitafee  of  carbonste  of  bismuth,  also  inaolnble  in  an  excess  of  the 

pe-agcnt. 

A  solutiou  of  BICARBONATE  OF  POTASH  produces  a  similar 
precipitate ;  but  carbonic  acid  is  disengaged. 

A  solution  of  oakbokatb  op  ammonia  behaves  in  the  same 
manner. 

A  solutkm  of  phosphate  of  soda  determines  a  white  preci- 
pitate of  phosphate  of  bismuth. 

A  solution  of  ox  AUG  acid  docs  not  produce  an  immediate 
precipitate;  but  after  a  certain  time  a  dystalline  precipitate  of 
oxalate  of  bismuth  is  fbrmed. 

A  solution  of  PBSvocTANvaET  OP  potassiitm  (yellow  prus- 
siate  of  i)ota.sli)  produces  a  wliite  precipitate  of  ferrocyauuret  of 
bismuth  insoluble  in  muriatic  acid.  ' 

A  solution  of  PSEEiCTANimsT  OP  POTASSIUM  (red  pniBsiate 
of  potash)  determines  a  pale-yeUow  precipitate  of  ferricyanuret 
of  bismuth  soluble  in  muriatic  add. 

♦  Tnpitsion  op  galls  produces  a  yellow  precipitate  in  solu- 
tions of  oxvde  of  bismuth. 

HYDaosuLPHURET  OF  AMMONIA  forms  a  black  precipitate  of 
solpburet  of  bismuth  which,  when  in  small  quantity,  is  very 
dark  brown.   It  is  insoluble  in  sn  excess  of  the  re-agent. 

SuLPHiTRETTBD  HTDBOOEH,  Cither  gascous  OT  liquid,  deter- 
mines a  black  prccipitutc  of  siilphurct  of  bismuth,  which  be- 
comes manifest  even  in  acid  solutions.  When  the  solution 
contains  only  a  small  quantify  of  oxyde  of  bismuth,  the  preci- 
pitate is  dark-brown.  Snlphoret  of  bismuth  is  mry  easily 
reduced  into  the  metallic  state,  when,  after  having  mingled  it 
with  sioda,  it  is  lieated  upon  charcuai  iii  the  interior  Hamc  of  the 
blow-pipe. 

A  rod  of  METALLIC  ZINC  pluugcd  in  solutions  of  oxyde  of 
bismuth  precipitates  bismuth  in  the  metallic  state,  under  the 
form  of  a  bladL  spongy  mass.  This  effect  is  produced  even 
in  solutions  which  have  become  milky  from  the  addition  of 
water. 
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Solutions  of  bismuth  may  be  also  distiuguished  by  the  follow- 
ing re-agents : — 

A  eolation  of  iodide  of  POTAaaivif  produces  a  bfown  preci* 
pitate  of  basic  iodide  of  bismuth  very  soluble  in  an  excess  of  the 
le-agent* 

A  solution  of  chromate  of  potash  determines  a  ycMow  pre- 
cipitate of  chromute  of  bismuth  soluble  iu  dilute  nitnc  acid'. 

Salts  of  oxyde  of  bismuth  are  decomposed  by  exposure  to  a 
red  heat  in  contact  irith  the  air. 

Solutions  of  salts  of  oxyde  of  bismuth^  which  can  only  be 
solutions  of  acid  salts,  redden  litmus  paper. 

The  salts  of  bismuth,  which  are  iusuiuble  iu  water,  are  soluble 
iu  acids.  These  solutions,  especially  that  in  muriatic  acid^ 
become  milky  by  the  addition  of  water,  provided  the  quantity 
of  acid  which  has  been  employed  to  dissolve  it  has  not  been  too 
considerable.  Solution  of  sulphuretted  hydrogen  in  water 
produces  in  them  a  dark -brown  or  black  precipitate,  which^ 
treated  before  the  blow-pipe  upon  charcoal  with,  soda  is  easily 
reduced  into  a  globule  of  bismuth. 

Before  the  bx.ow-fipb,  salts  of  oxyde  of  bismuth  are  readily 
recognised,  because  after  being  mingled  with  soda  th^  may 
most  easily  be  reduced  in  the  interior  flame  into  metallic 
globules,  which  are  brittle,  aud  may  Ijc  broken  to  pieces  under 
the  hammer,  whilst  the  charcoal  becomes  covered  with  a  yellow 
coating  [of  oxyde]  similar  to  that  produced  when  salts  of  oxyde 
of  lead  are  treated  in  the  same  manner. 

Salts  of  oxyde  of  bismuth  are  easily  recognised  by  their 
beha\'iour  with  hydrosulphurct  of  ammonia,  and  with  water, 
especially  when  the  latter  contains  a  little  muriatic  acid,  or 
solution  of  a  metaUic  chloride.  They  difl'er  from  salts  of  oxyde 
of  lead  by  their  reaction  with  solution  of  potash,  and  also 
because  dilate  sulphuric  add  produces  no  precipitate  in  sdutiona 
of  oxyde  of  bismuth.    The  globules  of  bismuth  reduced  by 

*  This  jeOow  pvedpiteto  nt  dwonuite  of  UsonriJi  dUftn  from  dizoiMlo  of  Ml, 
wUoh  jiddo  also  a  jdlow  prccipitete  by  el^^  in  tlii%iiaiiM|y: — 

Chromate  of  bisarafb  b  tokMe  in  dilote  nitrie  add,  imolvhU  in  potash  ; 
QiroiDate  of  lead  is  imerfuftfe  in  do.      do.,      §oMU  in  do.~- £o. 
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the  blowpipe  are  distmguished  Srom  those  of  lead  by  their 
bnttleuess. 

The  pretence  of  non-Tolatile  orgioiic  ftubstanoes^  even  that  of 
tartaric  add,  does  not  hmder  the  predpitation  of  solatioiu  of 
oiyde  of  Uramtli  by  water  and  the  alkalies  \ 


Note  by  E.  Peligotj  in  the  IF^rench  edition : — 

PBROXYDB  OP  BISMUTH  Bi,0,. 

(flBQUIOOCTDB  OF  JUUIUTII.] 

(Smroanfde  BitnnUhique,} 

*  Besides  the  oxyde  described  by  Mr.  H.  Rose,  we  must  admit 
a  peroxyde  of  bismuth,  the  existence  of  which  has  been  placed 
beyond  doubt  by  the  experiments  of  MM.  A.  Stromeyer, 
Jacquelain,  and  "Maty. 

*  This  last  chemist  observed,  that  when  oxyde  of  bismuth  is 
heated  with  soda  it  absorl)s  oxygen,  and  is  transformed  into 
inainuthale  of  soda ;  if  this  salt  be  then  boiled  ^^-ith  an  excess  of 
sodfl^  the  metallic  os^de  becomes  dehydrated^  and  abandons 
the  alkali  with  which  it  was  combined.  The  oxyde  thus 
obtained  has  a  brown  colonr,  similar  to  that  of  perox3rde  of 
lead,  and  it  may  be  washed  with  pure  concentrated  nitric  acid, 
without  undergoing  decomposition.  According  to  M.  Fremy 
its  composition  is  represented  by  Bi«  O^^  that  of  oxyde  of 
bismuth  being  Bi,  O,.' 

St  This  same  peroxyde  had  already  been  obtained  by  Mr.  A. 
Stromeyer  by  Hoifing  the  oxyde  of  bismath  obtained  from  the 
calcination  of  siibnitratc  of  bismuth  with  a  solution  of  chlorite 
of  soda;  this  oxyde  of  bismuth,  which  is  yellow,  gradually 

>  TluB  u  owing  to  tlie  insolubility  of  the  precipitated  subsalt  of  bismuth  in  tartaric 
add,  «4ikh  witBhlirfw  »  distinelioa  betweea  the  precipitat<»  pndnMd  hj  mtor  in 
■BlatiiiM  «f  msjim  of  aatiinoiiy,  aad  which  «r»  Mloble  in  tuterie  acid^  m  will  be 
■een  guhntfuiptly,  pige  IW^EiK 

^  Those  atomic  formulas  are  incorrect,  and  an  fonndad  upon  the  equivalent 
which  was  formerly  adnpto<l  for  bismath,  and  which  was  corrected  by  M.  Lo- 
gerhjelon.  Oxyde  of  bismuth  contains  1  atom  of  each  element,  and  its  formula 
is  therefore  BiO.  The  peroxyde  is  composed  of  2  atoms  of  bismuth,  and  3  of 
oxygen ;  it  it  therefore  a  sesquioxydc,  and  its  formula  thenfore  Big  O,. — ^Eo« 
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assumes  a  deeper  tinge  during  the  operation.  As  it  is  difficult 
to  peroxjdise  the  last  portions,  it  is  neoessaiy^  after  having 
fleparated  and  washed  the  bkck  powder,  to  digest  it  in  dilute 
nitric  add^  which  dissolyes  the  portions  of  oxyde  which  have 
escaped  peroxydisement. 

*  Peroxyde  of  bi.sitiuth  is  decumposed  by  a  temperature  of 
400^  cent.  [a])out  752^  J^'ahr.]  into  oxyde  of  bismuth  and 
oxygen.  Treated  by  concentrated  acids,  oxygen  is  disengaged 
even  at  the  ordinaiy  temperature*.  Treated  by  muriatic  acid» 
chlorine  gas  is  evolved,  and  a  chloride  of  bismuth  is  formed. 


23.  OXYD£S  OF  U&A19IUM,  UO. 

1*  PBOTOXTDE  OF  URANIUM. 

(Oxyde  Uraineux,) 

*  Pure  protoiyde  of  uranium  is  of  a  dark  greyish-black  colour 
when  it  has  been  obtained  by  calcining  the  peroxyde  of  nra- 

uiiim,  precipitated  by  aramonia_,  and  subsequently  digesting  it 
in  muriatic  acid ;  but  when  it  is  finely  pulverised  it  is  green. 
It  is  almost  insoluble  in  muriatic  acid.  Sulphuric  add  diluted 
with  avery  small  quantity  of  water  dissolves  it,  with  the  help  of 
heat,  and  produces  a  green  liquid.  It  is  very  soluble  in  nitric 
acid:  this  solution,  however,  contains  also  some  peroxyde  of 
uranium. 

*  The  solution  of  protoxyde  of  uraniiun  in  sulphuric  acid 
behaves  as  follows  with  the  re-agents  below : — 

*  A  solution  of  POTASB  produces  a  voluminous  brown  precipi* 
tate  of  hydrate  of  protoxyde,  insoluble  in  an  excess  of  the 
re-agent. 

*  Ammonia  forms  a  brownisii-black  precipitate  of  hydrate  of 
protoxyde  of  uranium,  insoluble  in  an  excess  of  the  re-^igent. 
After  a  veiy  long  time  the  uppermost  portions  of  the  predpitate 
become  yellow,  because  they  are  converted  into  peroxyde  of 
uranium. 

*  A  solution  of  carbon atk  of  potash  determines  a  dirty 

•  Dilute  ftddiy  with  the  help  of  heat,  produce  iiUo  «  diseugagcment  of  oxygen.—  Eu. 
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greeniBli  precipitate  of  protocaxbonate  of  uranium^  soluble  in 
a  large  excess  of  the  re-agent. 

*  A  solution  of  bicarbonate  of  potash  produces  the  same 
effect,  only  the  precipitate  is  more  soluble  in  an  ezoeis  of  the 
re-agent* 

*  A  solntioiL  of  CABBONATB  ow  AMMONIA  behaves  in  the  same 

manner. 

*  A  solution  of  phosphate  of  soda  causes  a  dirty  whitish- 
green  precipitate  of  protophosphate  of  uraniumi  provided  the 
solution  does  not  contain  too  much  free  acid. 

*  A  solution  of  ozAiiic  ACID  soon  detennineSj  even  in  veiy 
acid  solutions  of  protoxTdc  of  uranium,  a  dirty  light-yellowish 
green  precipitate  of  oxalate  of  uranium. 

*  A  solution  of  ps&kocyanuaet  or  potassium  produces  a 
brown-red  precipitate. 

*  A  solution  of  FSBEicTANimBT  ov  potassium  does  not  pro- 
duce  any  immediate  precipitate,  but  after  a  time  a  brown-red 
precipitate  appears. 

*  Uydrosulphubet  of  ammonia  determines,  in  solutions  of 
piotozyde  of  uranium,  which  have  been  neutralised  as  exactly 
as  possible,  a  black  precipitate  of  sulphuret  of  uranium,  which 
is  easily  collected,  and  which  is  insoluble  in  an  excess  of  the 
re-agent.  The  supernatant  liquid  owes  its  yellow  colour  only 
to  the  excess  of  tlic  re-agent  used. 

*  SuLPUUEETTEo  uYO&oosN,  either  liquid  or  gaseous,  pro- 
duces no  precipitate. 

^  Before  the  blow-pitb  protoxyde  of  uranium  behaves  like 
the  peroxyde  (page  112). 

*  The  best  method  of  distinguishing  solutions  of  protoxyde  of 
uranium  from  those  of  other  substances  consists  in  converting 
the  protoj^de  of  uranium  into  the  peroxyde  of  that  metal  by 
means  of  nitric  acid,  and  then  to  test  it  by  the  re-agents  which 
will  be  presently  treated  of.  Protoxyde  of  uranium  in  the  solid 
state  is  vciy  easily  detected  by  means  of  the  blow-pipe. 

*  Non-volatile  organic  substances  prevent  protoxyde  of 
uranium  from  being  precipitated  by  alkalies. 
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S*.  PEROXYDE  OF  URANIUM,  U.O.. 

[SBQOIOXTDS  OP  OSAHIini.] 

*  Peroxyde  of  uranium  recently  precipitated  has  a  yellow 
colour.  Exposed  to  a  red  heat  it  is  converted  into  protoxyde  of 
uranium^  and  then  it  has  a  dark-greenish  Uack  colour.  The 
portion  of  peroiyde  which  has  not  beenreduoed  may  be  extracted 
from  the  ignited  mass  by  treatment  with  muriatic  add.  When 
peroxyde  of  uruiiiuni  has  been  precipitated  from  its  solution  by 
either  potash  or  soda,  or  when  ammonia  has  been  employed  to 
precipitate  it  from  a  solution  which  contained  either  those  alka- 
lies, or  alkaline  earths,  the  precipitate,  after  calcining;,  is  orange- 
red,  and  it  is  composed  of  these  fixed  bases  and  of  peroxyde  of 
uranium  chemically  combined  together,  and  which,  in  this 
state,  the  uctioii  of  a  red  heat  cannot  convert  into  protoxyde  of 
uranium.  Peroxyde  of  uranium  is  easily  soluble  in  acids,  and 
its  solution  behaves  towards  re-agents  as  follows:— 

'i'A  solution  of  potash  produces  a  yellow  precipitate  of 
uraniate  of  potash,  insoluble  in  an  excess  of  alkali. 

*  Ammonia  behaves  in  the  same  manner,  only  the  precipitate 
is,  of  course,  uraniate  of  ammonia. 

^  A  solution  of  cabbonatb  of  potash  determines  a  yellow 
precipitate  of  carbonate  of  peroiyde  of  uranium  soluble  in  an 
excess  of  the  re-agent :  a  yellow  precipitate  is  also  formed  after 
some  time  in  this  last  solution. 

*  A  solution  of  BICARBONATE  OF  POTASH  produccs  a  yellow 
precipitate  of  carbonate  of  peroxyde  of  uranium,  which  is  very 
soluble  in  an  excess  of  the  re-agent,  and  from  which  solution  no 
peroxyde  of  uranium  is  precipitated  after  some  time. 

*  M.  JacqueUun  obtefaMd  pure  seaqaioxyde  of  anmhuii  by  decomposing  nitratoof 
nranioin  by  a  temperature  of  250  or  300'  cent,  (from  482  to  572"  Fahr.)  as  follows:— 
After  ha>'ing  deprivp<l  the  nitrate  of  its  water  and  of  i>f\rt  of  its  acid  by  tl»e  dired 
action  of  fire,  it  is  to  be  rt  ilticfvl  to  jiowdcr,  ntid  Ih  ateU  in  a  bath  of  oil  or  of  fusible 
alloy  in  dosed  tubes  of  glass  or  of  china. — Pure  sesquioxyde  of  uranium  is  yellow, 
with*  tinge  of  brown.  It  »  telabb  «ilb«ii  iwMnnm  in  oiMt  dihiAea  sM 
tohitioQa  are  yeNoir*— Pslmkmt. 
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*  A  soluticm  of  cabbonatb  ov  ammonia  behaves  in  the  same 
manner. 

*  A  solution  of  phosphate  of  soda  produces  in  solutions  of 
peroxjde  of  uranium,  provided  they  do  not  contain  too  much 
free  Bad,  a  white  precipitate  of  phosphate  of  nnuoiiim:  this 
predpitafce  has  a  very  slight  tinge  of  yellow. 

*  A  solution  of  fbrboctanurit  op  potassium  detennines  a 

brownish-red  precipitate. 

*  A  solutiou  of  F£BaiCYANi7BET  OP  POTASSIUM  pioduces  no 
precipitate. 

*  Inpvsion  OP  GALLS  ppoduoes  a  dark  brown  precipitate  in 
neidxal  solntums  of  perozyde  of  nTBniam. 

*  Htdrosulphuret  op  ammonia  poured  in  solutions  of 
perox}  dc  of  uranium,  which  contain  no  excess  of  acid,  produces 
a  brown  precipitate  of  sulphuret  of  uranium^  which  is  not 
sensibly  dissolYed  by  an  excess  of  there-agent :  the  sapematant 
fiqnid  at  first  appears  Uadk,  but  after  some  time  the  precipitate 
is  completely  deposited. 

*  Sttlphubetted  hydrogen,  either  aqueous  or  gaseous,  pro- 
duces no  precipitate  in  solutions  of  peroxyde  of  uranium. 

*  The  salts  of  perozyde  of  nraninmy  which  are  soluble  in 
water,  axe  decomposed  by  ared  heat  in  contact  with  the  air. 

*  Solutions  of  nentral  salts  of  peroxyde  of  nraninm  redden 
blue  litmus  paper. 

*  Nearly  all  the  salts  of  peroxyde  of  uranium,  which  are  in- 
soluble in  water,  are  dissolYcd  by  mnriatic  acid.  Some  of  thcm^ 
for  example^  the  phosphate  of  perozyde  of  uranium^  resemble  so 
much  the  pore  peroxyde,  that  analyses  have  been  made  in  which 
the  presence  of  the  acid  combined  with  it  has  been  OTerlooked. 
The  best  is  to  dissolve  the  com])inatiou  of  peroxyde  of  uranium 
in  muhatic  acid,  to  supersaturate  the  solution  thus  obtained  with 
ammoiuay  and  to  add  hydrosnlphuret  of  ammonia.  The  precipi- 
tate is  then  to  be  digested  in  mnriatic  aad,  and  the  filtered 
Hqmd  contains  protoxyde  of  nraninm  in  solntion.  The  liqnid 
which  has  been  filtered  from  the  sulphuret  of  uranium,  contain 
the  acid  with  which  the  peroxyde  of  uranium  was  combined. 

*  Before  the  blow*pipe  peroxyde  of  uranium  and  its  salts  may 
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thiiB  be  detected:  namely,  that  dissolved  in  nuerbcosmie  salt 
upon  a  wire  of  platmnm  it  oommtmicates  to  the  exterior  flame 

a  yellowish  colour  strongly  tinged  with  green,  which,  on  cooling, 
augments  to  such  au  extent  that  it  then  appears  green  only. 
In  the  interior  flame  the  colour  is  green.  When  peroxyde  of 
nranium  has  been  dissolved  in  borax  upon  the  bent  end  of  a 
wire  of  platinum,  the  colour  of  the  exterior  flame  is  distinctly 
yellow,  and  in  the  interior  tlame,  green.  Protoxyde  of  uranium 
behaves  with  the  blow-pipe  like  peroxyde  ol  uranium. 

*  Theyellow  colour  of  the  precipitate,  which  pure  alkalies  and 
alkaline  carbonates  produce  in  solutions  of  peroxyde  of  uranium, 
and  their  behaviour  towards  hydrosulphuret  of  ammonia,  are  so 
characteristic  that  thev  cannot  be  confounded  with  the  bases 
which  have  been  treated  of  in  the  i)rcft'ding  pages. 

*  When  a  solution  of  peroxyde  of  uranium  contains  much 
non-volatile  oboanic  matter,  more  especially  tartaric  acid, 
peroxyde  of  uranium  ib  not  precipitated  by  alkalies. 


*  Note  by  E.  Fcligot  in  the  I'  rench  edition : — 

Within  the  last  few  years,  uranium  has  been  the  object  of 
particular  study,  and  the  result  of  the  labours  of  various  diemists 
upon  this  body  render  it  necessary  that  the  preceding  notions 

upon  the  oxydcs  of  uranium  should  be  completed  or  rectified. 

*  It  is  now  known  that  the  substance  uranium  (uratie),  which 
had  until  lately  been  considered  as  an  element,  is  a  metallic  oxyde. 
Uranium,  the  true  metal,  which  is  prepared  by  decomposing 
chloride  of  uranium  by  means  of  potassium,  is  easily  distin- 
guished from  all  other  metals  by  its  peculiar  combustibleness. 
It  is  not  much  changed  by  e\})0!surc  to  the  air  at  the  ordinary 
temperature,  notwithstanding  its  prevalent  form,  but  it  bums 
with  extreme  brilliancy,  and  a  veiy  white  light,  when  heated  to 
incipient  redness.  Thus^by  shaking  upon  a  li^^ted  taper  a  few 
particles  of  this  metal,  they  form  brilliant  sparks  in  the  heated 
atmosphere,  which  surrounds  the  flame. 

*  Uranium  forms  five  or  six  combinations  with  oxygen.  Prot- 
oxyde of  uranium  and  peroxyde  of  uranium  are  the  only  com- 
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pounds  of  that  metal  which  can  combine  with  acids  to  form 

salts. 

*  1"  Suboxide  of  uranium  U^O  ,  [the  equivalent  of  uranium 
being  750,  oxygen  =:  1;  or  60  hydrogen  =  1].  This  ozjde  is 
produced  when  the  aqneons  sdation  of  subchloride  is  treated 
by  ammonia.  At  the  moment  of  precipitation  it  is  brown,  bnt 
the  colour  is  altered  almost  instant Iv  into  a  irrcenish  yellow 
colour,  l)ecausc  it  becomes  oxydized  at  the  expense  of  the  water, 
whilst  hydrogen  is  disengaged.  Mter  some  tune,  this  new 
oxyde,  which  has  not  as  yet  been  isoUted,  becomes  brown,  and 
ultimate]^  ydlow,  under  the  influence  of  the  air  and  of  the 
excess  of  ammonia;  it  is  then  translbrmed  into  uniniate  of 
ammonia. 

*  2°  Proioxyde  of  uranium  UO.  This  oxyde  was  until  lately 
mistaken  for  the  metal  itselt  Its  colour  and  aspect  Taries, 
according  to  the  process  by  which  it  has  been  obtained. 

*  When  it  is  obtained  from  the  reduction  of  an  oxyde,  or  of  a 

salt,  by  means  of  liydrogcn  gas,  i^  is  of  a  cinnamon  or  maronc 
colour.  "Wlien  in  a  state  of  minute  division  it  is  phosphor- 
escent, it  bums  with  a  weak  light,  and  is  transformed  into  a 
black  powder. 

*  When  this  oi^de  has  been  obtained  from  the  reduction  of  the 
double  chloride  of  uranium  and  potassium,  by  hydrogen  gas,  or 
simply  by  calcining  this  salt  with  muriate  of  ammonia,  it  is  in 
the  form  of  crystalline  black  shining  spangles,  which,  however, 
appear  somewhat  translueid  when  viewed  through  the  microscope. 

*  Frotoxyde  of  uranium,  prepared  in  the  dry  way,  is  not  acted 
upon  by  muriatic  and  diluted  sulphuric  acids,  even  when  hot. 
Concentrated  sulphuric  acid,  however,  and  likewise  nitric  acid, 
dissolve  it,  and  this  last  acid  produces  nitrate  of  peroxyde  of 
uranium  [mtrate  uranique] . 

*  The  characters  which  were  formerly  attributed  to  solution  of 
protoxyde  of  uranium,  in  dilute  sulphuric  add,  belong  properly 
to  the  sulphate  and  other  salts  of  protoxyde  of  uranium.  This 
oxyde,  in  effect,  constitutes  the  green  salts  of  uranium;  in  the 
state  of  hydrate  it  is  reddish  brown  ;  it  is  soluble  in  dduted  acids, 
and  produces  green  solutions,  which  ultimately  become  yellow 
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in  contact  with  tbe  air,  became  they  become  oonTeited  into 

persalts  of  iirauium. 

*  A  green  solution  of  a  salt  of  protoxyde  of  uranium  ^ves,  after 
some  time,  with  nitrate  of  silver,  a  precipitate  of  metallic  silver, 
and  a  yellow  salt  of  perozyde  of  nraninm  is  the  result. 

*  Wben  treated  by  nitrate  of  silver,  the  protoi^de  of  uranium 
obtained  from  calcining  tbe  yellow  oxalate  in  close  vessels,  or 
by  the  reduction  of  the  green  oxyde,  by  means  of  siilpliur, 
produces  a  yellow  precipitate  of  nitrate  of  silver,  and  silver  in 
the  metallic  state. 

^  BittOi^deqfuiwiium, or hUusk oseffde  <ifutamum,  U«0^ .  Thia 
oxyde  is  obtained  by  caldning  persulphate  or  pemitrate  of 
uranium  at  a  higli  temperature. 

*  Put  in  contact  with  acids,  it  does  not  combine  with  them 
integrally,  and  gives  a  mixture  of  salts  of  proto  and  of  peroxyde 
of  uranium. 

*  It  may,  in  effect,  be  considered  as  composed  of  two  equivalenta 

*  of  protoxyde,  and  one  of  peroxyde  of  uranium  (2  XJO  +  I  >  O  3 ) . 

*  Trit oxyde  of  vranium,  or  olive  oxyde,  U^O^,  is  also  a  com- 
pound of  proto  and  of  peroxyde  (UO  -f-  U,0,).  It  is  obtained 
by  submitting  the  preceding  oxyde  to  incipient  red  heat,  In 
contact  with  oxygen  or  with  the  air. 

*  The  colour  of  tritoxyde  of  uranium  is  dark  olive.  Treated  by 
concentrated  sulphuric  acid  under  the  influence  of  a  gentle 
heat  it  furnishes  a  greenish  yellow  mixture  of  the  sulphates  of 
both  oxydes.  By  heating  the  mixture  more  strongly,  sulphu- 
roua  add  is  disengaged,  and  sulphate  of  peroxyde  of  uranium  is 
formed.   This  sulphate  has  a  light  yellow  colour. 

*  Peroxyde  of  urmmm  (oxyde  uranique,  U ,  O  3 ) .  Until  lately 
this  oxyde  had  never  been  obtained  in  a  pure  state.  It  is  known 
that  by  treating  solutions  of  peroxyde  of  uranium  by  alkalies, 
the  precipitate  thus  formed  always  retains  a  certain  quantity  of 
the  precipitate  which  cannot  be  disengaged  by  washing. 

*  Mr.  Ebelmen  has  shown  that  the  hydrated  peroxyde  of 
nrauluia  may  be  obtained  by  exposing  a  solution  of  oxalate  of 
peroxyde  of  uranium  to  solar  light ;  after  some  time,  a  violet- 
brown  flocculent  precipitate  is  deposited,  which  thrown  upon  a 
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filter  and  exposed  to  the  air  is  rapidly  converted  into  a  lemon- 
coloured  j)rodnct,  which  is  hydrate  of  peroxyde  of  lu  aiiiura. 

*  This  hydrate  is  transformed  by  a  gentle  heat  into  anhydrous 
pmzyde  of  a  hriok-red  colour ;  sabjectod  to  a  higher  tempera- 
tore^  it  is  oonverted  into  green  ozyde. 

Peroxyde  of  nraninm  is  easily  soluble  in  acids,  and  its  salts 
have  the  characters  which  have  been  previously  mentioned. — e.p. 


24.    OXYDES  OF  COPPER, 
r.  SUBOXYDJE  OF  CX)PPEB,  Cu.O. 
IFormerIf  raovoKTOB^  w  coppkr.] 
(Oaeifde  Oidmux.) 

*  SuBOZTDS  of  copper,  as  it  is  found  in  nature,  is  of  a  copper- 
red  colour.  When  in  powder  it  resembles  the  colour  of  pulve- 
rised cochineal.  It  is  unalterable  in  the  atmosphere,  but  when 
heated  in  contact  with  it^  it  becomes  converted  into  protosyde 
of  oo|q^ ;  ii^  however^  it  be  heated  in  doie  vessels^  it  undergoes 
no  change  provided  the  temperature  be  not  too  high.  It  is 
oonyerted  by  dilute  sulphuric  and  other  acids  into  metallic 
copper,  which  separates,  and  protoxydc  of  copper  which  dissolves 
in  the  acid  employed.   Muriatic  add  is  the  only  one  which, 

'  Thib  oxyde  was  until  lAiely  called  protoxide  of  copper,  the  equivalent  being 
than  vtekfltwd  to  be  64.  Bet  a  orefol  wsmtiwitioa  of  tfie  Wnary  compouncU  of  thai 
mtUti  sad  tfM  eomporitkm  of  its  nlte  and  oxydot  hat  indnoed  modorn  diemuta  to 
adopt  82  aa  tho  atomic  weight  «f  that  metaL  This  munbar  to  b«iid«a  Jiwtillad, 
baaa—o,  aocording  to  the  b^w  discovered  by  Dulong  and  Petit,  that  the  spedfle  beat 
of  winple  bwlie*)  is  inversely  as  their  atomic  weight,  the  pro<hiet  of  the  mnltipH- 
cAtion  of  the  spLcific  heat  of  copper  by  the  atomic  niimbt  r,  p'n  c  s  ;  a  nmnber 

much  nearer  32  (the  chemical  atomic  weight  or  equivalent  now  adopted )  than  64,  which 
waaimairtydatMnaBiod  upon.  On  tfie  otfw  band,  Proftaaor  Pwadajr  dkouwwwl 
aaotbar  kw,diat  dio  ipoeifie  ulailtiillj  of  djfferent  lobataiMea  bebg  alio  bxwndy 
aalbciratoniioiialg^itiytiia  calenbted  apedfiocleetricity  of  copper  ^vesmnriy  82 ; 
and  again,  the  specific  gravity  of  copper  gives  32  as  ita  chemical  equivalent 
Gay  Liuisac  having  observed  (hat  t!ic  metals  which  have  a  specific  gravity  above  P  or 
varying  from  10  to  20,  have  all  atomic  weigbls  nbovc  91',  whilst  the  atoniic  weights 
of  tlioee  whose  density  is  below  9,  that  is  between  1  and  9,  is  about  30,  and  seldom 
aaeeodi  88.  Taking  theMfim  82  as  tho  equivalent  of  copper,  the  protoxyde  and 
pwtochkrido  of  oo^er  are  now  regarded  aa  mboxjde  and  mbdibM^de^  flie  atomio 
ijrabol  bobig  Qa,  O,  and  Ca^  d,  fautead  of  GaO  and  Cad,  and  tho  dentoxTdo  and 
deotoddovide  of  copper  are  now  regarded  as  protoxyde  and  protocUorido,  and 
mitkad  CaO  and  CaCl,  instead  of  CaO,,  and  CuQa  as  formeriy.— En. 
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poured  in  excess  upon  snboxyde  of  copper,  forms  a  solution  of 

a  aubsalt,  wliich,  in  the  present  ease,  is  ii  suhcliloride  of  copper. 
The  solution  has  a  brown  colour,  which  is  cowing  to  a  small 
quantity  of  protochloride,  for  when  the  solution  does  not  con- 
tain any  portions  of  this  latter  salt,  it  is  colourless ;  by  exposure 
to  the  air  it  is  gradually  converted  into  solution  of  protochloride, 
and  ultimately  assumes  a  green  colour.  When  less  muriatic 
acid  is  employed,  suboxydc  of  eupper  is  converted  into  a  white 
powder,  which  is  subchloride  of  copper.  If  a  suitable  quantity 
of  water  be  added  to  a  solution  of  subchloride  in  an  excess  of 
muriatic  add^  a  white  powder  of  subchloride  of  copper  is  pre- 
cipitated. Solution  of  subcbloride  of  copper  bebam  as  follows 
towards  rc-agents : — 

*  A  solution  of  potash  poured  in  small  quantity  in  that  solu- 
tion^  saturates  the  firee  add  which  it  contains^  and  the  conse- 
quence is  a  predpitate  of  subdiloride  of  copper  in  the  state  of  a 
white  powder,  for  this  salt  is  soluble  only  in  firee  muriatic  add. 

A  great  quantity  of  potash  determines  a  brownish  yellow  pre- 
cipitate, which  is  hydrate  of  suboxydc,  and  which  is  not  dissolved 
by  an  excess  of  the  re-agent.  When  this  predpitate  remains 
for  a  Tcry  long  time  exposed  to  tbe  air,  it  becomes  gradually  of 
a  brownish  black  colour,  and  tbe  subo^^e  is  converted  into  pro- 
toxyde  of  copper. 

All  excess  of  AMMONIA  pourcd  in  solution  of  subchloride  of 
copper,  would  form  with  it  a  colourless  liquid,  were  the  opera- 
tions performed  out  of  the  contact  of  the  air;  but  ordinarily  the 
liquid  becomes  of  a  light  blue  colour,  because  the  presence  of 
the  air  immediately  induces  the  formation  of  a  little  proto- 
chloridc  of  copper.  When  this  solution  is  left  exposed  to  the 
air,  it  becomes  in  a  short  time  of  a  dark  blue  colour.  This 
colouring  manifestly  begins  at  the  surface,  which  generally  is 
dark  blue,  whilst  the  rest  is  as  yet  only  of  a  light  blue  colour. 
A  solution  of  potash  poured  in  a  solution  of  subchloride  of  copper 
to  which  ammonia  has  been  added,  produces  tberdn  a  brownish 
yellow  precipitate  of  hydrated  suboxydc,  pro'vHded  the  quantity 
of  ammonia  thus  added  be  not  too  considerable  in  proportion  to 
the  potash. 
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*  A  solution  of  carbonate  of  potash  produces  a  yellow  pre- 
cipitate of  subcarbonate  of  copper  in  suboxyde  solutions  of 
copper. 

*  A  solution  of  bicaebonatb  of  potash  acts  in  the  same 

maimer. 

*  A  solution  of  carbonate  of  ammonia  behaves  like  pure 
amtnoma;  but  there  is  an  effervescence  produced  owing  to  a 
disengagement  of  carbonic  add. 

*  A  solution  of  fhosfbatb  of  soda  produces  in  solutions  of 
suboxyde  of  copper  which  are  not  too  acid,  a  white  precipitate 
of  phosphate  of  suljoxyde  of  copper,  which  in  time  absorbs  the 
oxygen  of  the  air,  and  becomes  greenish  blue. 

*  A  solution  of  oxalic  acid  determines  in  solutions  of  sub- 
oxyde of  copper  a  white  precipitate  of  oxalate  of  suboxyde 
of  copper,  which  by  long  standing  becomes  greenish  blue. 

*A  solution  of  FERROCYANURET  OF  POTASSIUM  (ycllow  pnissiatc 
of  potash)^  gives  a  white  precipitate^  which^  if  left  in  contact  with 
the  air,  becomes  reddish  brown  in  a  Yeiy  short  time, 

*  A  solution  of  fskbictanubbt  of  fotassium  determines  an 
immediate  reddish  brown  precipitate. 

*  Hydrosulpuuret  of  AMMONIA  produccs  ill  the  solutions  of 
suboxyde  of  copper  which  have  beeu  saturated  with  ammonia,  a 
black  precipitate  of  sulphuret  of  copper  insoluble  in  an  excess 
of  the  re-agent. 

*A  solution  or  a  current  of  sulphurbttbd  htdroobn  produces 
ji  bruwii  precipitate  of  sulphuret  of  copper  in  solutions  of  sub- 
oxyde of  copper. 

*  A  solution  of  lODiDB  of  potassium  gives  a  white  precipitate 
of  sttbiodide  of  copper,  and  the  supernatant  liquid  contains  no 
free  iodine. 

*  The  subsalts  of  copper  which  are  soluble  in  water,  are 
decomposed  when  exposed  to  a  red  heat  in  contact  with  the  air. 

*  Most  of  the  subsalts  of  copper  which  are  insoluble  in  water 
are  soluble  in  free  muriatic  acid.  The  suboxyde  of  copper  con- 
tained in  such  solution  may  easily  be  converted  into  protoxyde 
of  copper  by  treating  it  with  nitric  add.  It  will  be  seen  further 
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on,  (page  122),  y\\mt  mejius  should  be  resorted  to  in  order  to 
detect  its  presence  in  the  solution  under  examination. 

*  Before  the  blow-pipb  subozyde  of  copper  behaves  like  pio- 
tozyde  of  copper^  the  only  difference  beiiig  that,  wlien  dissolved 
with  borax  or  microoosmic  salt,  it  immediately  commimicates  to 
the  exterior  flame  a  dirty  brown  colour  which,  with  the  pro- 
toxyde>  is  manifested  only  in  the  interior  flame. 

2*  PROTOXYDE  OF  COPPER*  GM>. 
{Fumerfy  psmoxroa  or  ooprsa] 

(Oocfde  Omvrique.) 

Protoxyde  of  copper  is  pulverulent  black,  and  requires  a 
very  strong  heat  for  fusion.  If  lieated  with  charcoal  or  with 
organic  bodies  it  is  easily  reduced  either  into  saboxyde  of  copper 
or  into  metallic  copper.  It  is  very  soluble  in  adds,  even  after 
having  been  ignited.  The  solution  has  ordinarily  a  blue  colour. 
The  muriatic  acid  solutiou  is  emerald  green.  Hydrate  of  pro- 
toxyde of  copper  is  blue ;  being  strongly  dried  at  the  temperature 
of  boiling  water,  it  parts  with  its  water  and  becomes  black. 

*  Protosalts  of  copper  are  blue  or  green  when  tbej  contaiii 
water  of  crystallisation ;  anhydrous  protosalts  d  copper  have  a 
white  colour  and  a  few  are  brown. 

A  solutiou  of  POTASH  determines  in  solutions  of  protoxyde  of 
copper  a  voluminous  blue  precipitate  of  hydrate  of  protojgrde  of 
copper,  which  becomes  black  when  boiled  with  an  excess  of 
potash,  because  protoxyde  of  copper  is  deposited,  which  easily 
subsides  to  the  bottom  of  the  vessel.  When  a  solution  of 
protoxyde  of  copper  is  boiled  with  a  less  proportion  of  solution 
of  potash  than  is  necessary  to  produce  a  complete  decomposition, 
instead  of  a  black,  a  light  greenish  precipitate  is  obtained  which 
is  a  basic  salt  of  protoxyde  of  copper. 

A  small  quantity  of  ammonia,  poured  in  solutions  of  protoxyde 
of  copper,  determines  a  greenish  precipitate,  whicli  is  a  basic 
salt  of  protoxyde  of  copper,  very  easily  soluble  in  an  excess  of 
ammonia,  produciug  a  blue  liquor'.    The  blue  colour  of  the 

*  This  blue  liquor  is  due  to  the  solution  of  the  baaic  double  salt  of  ammonia  and 
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liquid  is  of  a  much  deeper  hue  tliau  that  obtained  hy  solutiou 
cxf  piotoxyde  of  nickel  iu  an  ezoeas  of  ammonia;  even  when  the 
quantity  of  protos^de  of  copper  is  very  smaU,  the  blue  colour 
produced  hy  ammonia  is  much  darker  than  that  of  protoxyde  of 
nickel'.    Even  when  the  quantity  of  protoxyde  of  copper  is 
so  small  that  the  solution  appears  colourless,  ammonia  at  once 
reuders  it  blue.    A  cold  solution  of  pure  potash  poured  in  a 
oold  ammoniacal  solution  of  protoxyde  of  copper  does  not 
immediately  produce  any  precipitate,  hut  after  some  time  a  blue 
precipitate  of  hydrate  of  protoxyde  is  formed,  provided  the  solu- 
tion be  not  too  dilute.    Yet  when  the  amiuoniaeul  solution  of 
protoxyde  of  copper  is  made  to  boil  with  a  solution  of  potash, 
a  heavy  black  precipitate  of  protoxyde  of  copper  is  produced, 
and  after  it  has  quite  deposited  at  the  bottom  of  the  vessel, 
the  liquid  which  before  was  of  a  dark  blue  colour  is  quite 
colourless." 

A  solution  of  carbonate  of  potasfi  in  the  cold  produces 
in  solutions  of  protoxyde  of  copper  a  blue  precipitate  of  car- 
bonate of  protoxyde  of  copper,  which,  by  boiling,  becomes  black 
and  is  easily  deposited*. 

A  solution  of  bicarbonate  of  potash  determines  a  light 
greenish  precipitate,  wliicli  .an  excess  of  the  precipitate  re- 
dissolves,  producing  a  light  blueish  liquid. 

copper  ;  for  example,  the  amraonio-subsulpluito  of  copper  fonued  by  super- 
saturating a  solution  of  sulphate  of  copper  with  ammonia  (ttie  cuprcum  ammomacale 
Kii  pbannacy)  irtdeh  inij  b*  oUdned  in  Hm  soid  state  b j  c«r«fbl  evspontum,  and 
wMcii  is  voj  adnble  in  water,  to  wlddi  it  Impttto  ■gain  tiie  «nie  qtoidid  Una 
eoloiir^ — ^Ed. 

'  The  ammoniacal  solutions  of  nickel  are  immediately  precipitated  by  potash  in 
the  state  of  an  apple-green  hydrate  of  protoxyde  of  nickel,  wliilst  the  ammoniacal 
solution  of  copper  is  not  precipitated  by  potash,  at  least  imme<liat(dy.  En. 

'  To  account  for  tliis  precipitate,  it  sliould  bo  recollected  that  pure  hydrate  of 
protoxyde  of  cop[»er  is  not  soluble  in  ammonia,  or  in  other  words,  the  blue  solutions 
obtained  by  pouring  an  neeoB  of  annnonia  in  solutioa  of  oo|^er  are  aoIntionB  of 
eomponnds  (rf  a  badcdoable  Ml*  of  copper  and  ammonia ;  bypooring  potaahin  audi 
■nanunoniaeal  eolution,  the  add  of  the  salt  combines  with  the  potash,  and  protoxyde 
of  copper  is  accordingly  precipitated,  notwithstanding  tiie  preaenoe  of  ^mmonlia, 
since  protoxyde  of  copper  i«  not  soUiltlo  in  it.— En. 

'  This  precipitrtto,  accdrdini;  to  Dr.  Froseniu",  is  a  hydratcd  basic  carbonate  of 
copper  (CuO,  COg  +  CuO,  HO,)  which  upon  boiling  is  converted  into  black  protoxyde 
of  copper^— £0. 
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A  solution  of  CARBONATE  OF  AMMONIA  pourcd  in  small 
quantity  produces  a  light  greenish  precipitate^  which  is  a  hasic 
salt  of  protoxyde  of  copper,  which  a  larger  quaatitjr  of  the  re- 
agent re-dissolves;  the  liquid  then  appears  as  hive  as  the  solu- 
tion of  protoxyde  of  copper  to  which  canstic  ammonia  has  been 
added.  Boiled  with  a  solution  of  pure  potash  a  he&vy  black 
precipitate  of  protoxyde  of  copper  is  also  formed. 

A  solution  of  fhosfuate  of  soda  produces  in  solutions  of 
protoxyde  of  copper  a  greenish  white  precipitate  of  phos|>hate  of 
protoxyde  of  copper,  solnUe  in  ammonia^  and  thus  giving  a  blue 
liquor  in  which  a  solution  of  potash  determines,  by  boiling;  a 
bhick  heavy  precipitate  of  protoxyde  of  copper. 

A  solution  of  oxalic  acid  forms  an  immediate  greenish 
white  precipitate  of  oxalate  of  copper,  in  neutral  solutions  of 
protoiq^de  of  copper. 

A  solution  of  fbrboctanurbt  of  fotassivm  produces,  in 
solutiou.s  of  protoxyde  of  copper,  a  reddish  brown  precipitate  of 
ferrocyanurct  of  copper  insoluble  in  muriatic  acid'. 

A  solution  of  ferric yanuret  of  fotassium  produces  a 
greenish  yellow  precipitate  of  fenicyanuret  of  copper,  likewise 
insoluble  in  muriatic  add. 

*  Infusion  of  oalls  produces  no  predpiitate  in  solntiont  of 
protox}  dc  of  copper,  provided  they  contain  no  iron. 

Hydrosulfhubxt  of  ammonia  produces,  in  neutral  solutions 
of  protoxyde  of  copper,  a  black  predpitate  of  sulphuret  of  copper, 
which  appears  of  a  dark  brown  colour  when  in  small  quantity, 
and  which  is  insoluble  in  an  excess  of  the  preciptant*,  and  also 
in  ammonia. 

An  aqueous  solution  or  a  current  of  sulphuretted  hydrogen 
gas  produces  in  either  neutral  or  acid^  solutions  of  protoj^de  of 

'  Ferrocyanuret  of  potaaHiuni  is  a  verj'  delicate  tost  for  copper  in  clear  toltttioiu; 
at  least  ^nr^c     nietjillic  copper  may  be  tlius  remlered  visible. — Ed. 

*  Solpburet  of  copper  is  very  slightly  soluble  in  hydroeulphuret  of  ammonia ;  but 
it  isaltogeUier  insoliiUe  in  aoipbiiret  of  potMrimn  and  of  todimn,  eithtr  of  which 
should  be  selected  in  preferanoo  for  llw  pnrpoeo  of  compIeCelj  sefMnting  aalphnret 
of  copper  from  tlio  sulphurets  of  other  uiptals.— Ed. 

3  If  the  liquid  is  very  ^tron<;1y  aoid,  it  sboold  first  bo  diluted  witll  water  before 
testing  with  sulphuretted  hydrogen.— £i». 
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copper  a  black  precipitate  of  sulphiiret  of  copper,  wliichj  wlieu 
ia  small  quautitjr,  appears  dark  brown. 

A  rod  of  HBTALLic  siMc  pncipitates  protoxyde  of  copper 
from  its  sdiiitioiis  in  tbe  form  of  a  black  ooating. 

A  rod  of  METALLIC  IRON  precipitates  protoxyde  of  copper  as 
metallic  copper,  and  with  its  peculiar  colour.  Very  minute 
traces  of  copper  may  thus  be  precipitated  irom  their  solutions 
by  a  rod  of  polished  iron,  which  becomes  eoyered  with  a  red  film 
of  copper'. 

Solutions  of  protoxyde  of  copper  may  likewise  be  recognised 

by  the  following  rc-agents : — 

A  solutiou  of  IODIDE  or  potassium  produces  a  white  preci- 
pitate of  iodide  of  copper,  the  coloor  of  which  can  be  well 
ascertained  only  after  having  separated  it  from  the  liquid 
which  ii  coloured  by  free  iodine.  This  precipitate  is  sdluble  in 
an  excess  of  the  re-agent. 

A  solution  of  chromate  or  potash  forms  in  solutions  of 
protoxyde  of  copper,  a  reddish  brown  precipitate  of  chromate  of 
copper,  which,  when  ammonia  is  added,  is  easily  dissolved,  and 
produces  a  Uqmd  of  an  emerald-green  colour.  This  precipitate 
is  also  very  soluble  in  dilute  nitric  add. 

The  salts  of  protoxyde  of  copper,  which  are  soluble  in  water, 
are  decomposed  by  exposure  to  a  red  heat.  Sulphate  of  cop- 
per, however,  ia  not  thus  decomposed,  provided  the  heat  be  not 
too  strong. 

Solutions  of  neutral  salts  of  protoxyde  of  copper  redden 

litmus  paper. 

>  If  Hie  tdhilioB  of  protoxyde  of  ccpp«r  be  eooMiitnited,  tlie  oopper  fiiOs  down 
immedbtely  in  tiha  ferm  of  m  powder,  bat  in  Afaite  edntioDe  tbe  oopper  is  deported 
more  or  Itee  dowly  eceording  to  tho  degree  of  dilution,  but  alwaye  in  •  film  which 
peifecUj  oorera  the  iron,  and  makes  it  look  like  a  blade  or  l>ar  of  copper.  Instcnd 
of  iron  only,  a  foil  of  platinum  and  one  of  iron  may  be  immersed  in  the  liipiid  to  be 
tested,  and  whifh  should  \n'  very  slightly  acid,  iluriatic  acid  is  preferable,  and 
the  two  ban  on  being  brought  into  direct  contact,  copper  if  present  will  be  depo- 
sed in  Ihe  state  of  nfod  film  of  neleDie  copper  on  tiie  plelinain  foil ;  or  n  fow 
drape  of  tiie  eolntiaa  eHgbtfy  ecidiifaited  megr  be  pkeed  npon  pletinam  foQ,  end  » 
pieee  of  deen  iion  wive  plvnged  tbroqgb  tbe  drope  eo  ee  to  tooeb  the  platinum,  which 
will  become  eoveied  with  •  film  of  copper  at  the  point  in  OOOtact  with  the  dropn  of 
liquid  if  any  copper  bo  prenent.  Instead  of  iron  wire,  one  of  sine  may  be  uaed« 
By  thie  meene  of  oopper  may  be  dotected.^£D. 
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The  salts  of  protoxyde  of  copper^  which  are  inBolable  in 
water,  arc  soluble  in  free  acids.  Tlic  most  minute  portions  of 
protoxyde  of  copper  may  be  detected  in  these  solutions  by 
precipitating  it  in  the  state  of  sulphuret  of  copper^  by  means  of 
sulphuretted  hydrogen^  and  testing  the  precipitate  with  the 
blow-pipe.  The  add  solntions  of  these  combinations  become 
blue  when  an  excess  of  ammonia  is  added,  exactly  like  the  other 
salts  of  copper;  a  quantity  of  ammonia  less  than  sufficient  to 
saturate  the  acid,  precipitates  the  insoluble  salt  of  copper  irom 
the  solution. 

Salts  of  protoxyde  of  copper  are  very  easiLy  detected  hy 
means  of  the  blow-pipe.  Dissolved  in  borax  or  in  microoosmie 
salt  thev  form  in  the  exterior  flame  a  bead  of  a  fine  green 
colour,  and  in  the  interior  flame,  a  bead  of  a  dirty  reddish 
brown  colour.  When  the  quantity  of  the  salt  of  protoxyde  of 
copper  is  yery  minute,  the  reddish  brown  colour  is  easily 
determined  by  the  addition  of  tin.^ 

*  When  the  test  is  carried  on  with  borax,  without  addition 
of  tin,  or  when  there  is  only  a  small  quantity  of  peroxyde  of 
copper,  the  glass  heated  in  the  interior  flame  often  becomes 
transparent  and  of  a  mby  colour.  When  the  quantity  of  pro- 
toxyde of  copper  is  too  large,  a  portion  of  it  is  reduced  in  the 
metallic  state  both  with  borax  and  with  salt  of  soda. 

Mixed  with  soda  and  heated  in  the  interior  flame  upon  char- 
coal, copper  is  reduced  from  these  salts ;  the  most  minute  traces 
may  thus  be  recognised,  after  washing  the  charcoal  away,  by 
the  characteristic  colour  of  the  particles  of  the  reduced  copper. 

Solutions  of  protoxyde  of  copper  may  easily  be  recognised 
by  their  beliaviour  with  ammonia,  ferrocyanurct  of  potassium, 
and  hydrosulphuret  of  ammonia.  They  are  distinguished  from 
solutions  of  nickel  by  their  deportment  towards  a  solution  of 
potash  and  of  sulphuretted  hydrogen. 

*  SeTeml  organic  substancbs,  when  contained  in  solutions 
of  protoxyde  of  copper,  may  cause  the  reduction  of  part  of  the 

>  BflneUus  VMnarka,  tluit  if,  after  having  addad  the  tb,  the  operator  aboold  blow 
too  atroB^y,  tiie  oopper  wiU  ht  predpitatod  in  Am  matallio  itato^  eapadally  with 
mieroeoamie  nlt,aiid  dia  oolcariiig  of  tiia  glaaa  ia  daatroyad^Eo. 
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copper  iu  the  metallic  state,  especially  by  boiling;  sugar  more 
particularly  produces  that  effect.  But  in  neutral  solutions  tliis 
reduction  is  always  very  slow^  sad  never  complete;  yet^  in  mo«t 
cues,  it  takes  place  more  n^idly,  as  well  as  more  completely,  in 
presence  of  free  alkalies. 

The  dci)ortmeut  of  sohitioiis  of  protoxide  of  copper  is  singu- 
larly modified  by  the  presence  of  nox-volatile  organic  sub- 
stances. When  they  are  not  too  abundant,  and  provided  the 
liquid  is  only  slightly  colonred  by  them,  an  excess  of  potash 
prodnoes  no  precipitate,  but  the  liquid  then  assumes  a  blue 
colour,  similar  to  that  produced  by  caustic  ammonia  \  This  is 
the  rase  for  example,  when  white  wine,  solution  of  sugar,  or  of 
tartaric  acid  contains  a  sufficient  quantity  of  sulphate  of  copper, 
of  yerdigris,  or  of  another  salt  oi  copper.  The  more  abundant 
protoxyde  of  copper  is  in  the  solution,  the  deeper  is  the  blue 
colour  produced.  When  this  alkaline  solution  of  copper  is 
boiled,  the  protoxyde  of  copper^  in  most  cases,  is  reduced,  and 
a  precipitate  of  hydrated  suboxyde  of  a  brown  yellow  colour  is 
foimed,  which,  however,  is  often* reddish  brown.  Sometimes 
the  copper  is  thus  almost  entirely  prec^ttated  in  the  state  of 
hydrated  snboxyde.  This  is  the  case  for  example,  when  white 
wine,  which  has  been  adulterated  with  a  salt  of  copper,  is 
treated  as  above.  In  many  cases,  however,  the  liquid  remains 
blue  after  bmling^  and  then  a  small  quantity  only  of  the  ooj^per 
is  precipitated  in  the  state  of  snboxyde  of  copper,  as  liar  example, 
when  the  solution  operated  upon  is  one  of  sugar  containing  pro- 
toxyde of  copper;  and  sometimes  the  blue  liquid  is  not  in  the 
slightest  degree  altered  by  boiling,  as  for  example  amongst 
others,  the  solutions  of  protoxyde  of  copper,  which  contain 
tartaric  acid.  When  these  liquids  contain  traces  oolfy  of  pro- 
toxyde of  copper,  solution  of  potash  cannot  detect  it ;  for  in 
such  a  case,  the  liquid  docs  not  become  blue,  and  even  by 
boiling  no  precipitate  of  suboxyde  of  copper  is  formed.  Nei- 
ther can  solation  of  potash  devdop  the  blue  colour  when  the 

•  AuiiriAl  «al)stance»,  nnch  ns  albumen,  glue,  <^c.,  commuuicau-  a  lilac  colour,  but 
v^etnble  subHUnceSy  mich  as  Bt&i*ch,  gum,  sugar,  &c.,  communicate  a  blue  colour.— 
En. 


Digitized  by  Google 


124 


OXYDES  OF  COPPER. 


liquid  contains  so  much  organic  matter  as  to  be  of  a  very  dark 
hue,  which  is  the  case  with  red  wine  to  which  much  protoxyde 
of  copper  has  been  added.  An  opaque  solution  of  a  dirty 
green  is  then  produced^  and  a  precipitate  of  the  same  colour 
falls  down;  bat  by  boilings  a  reddish  brown  precipitate  of 
snboxjde  is  formed. 

In  order  to  produce,  by  ammonia,  a  blue  colour  in  solutioas 
of  protoxyde  of  copper  containing  non-volatile  organic  sub- 
stances, it  is  necessary  that  the  protoxyde  of  copper  be  raf- 
ficientty  abundant,  and  that  the  liquid  be  not  very  dark.  When 
white  wine,  for  instance,  contains  a  ][)retty  considerable  portion 
of  prutoxydc  of  copper,  it  becomes  dirty  green  or  brown  by 
the  addition  of  an  excess  of  ammonia;  it  is  only  when  the 
protoxyde  of  copper  held  in  solution  is  very  abundant,  that 
caustic  ammonia  determines  a  blue  colour  in  the  Hquid.  When 
the  copper  solution,  owing  to  the  presence  of  organic  sub- 
stances, has  a  very  dark  colour,  an  excess  of  ammonia  does  not 
render  it  blue,  even  though  it  may  contain  a  pretty  consider- 
able quantity  of  protoxyde  of  copper.  A  red  wine,  which 
contains  protoi^e  of  copper,  becomes  dirty  brown  only  by 
addition  of  ammonia;,  which  is  a  change  similar  to  that  pro- 
duced in  pure  red  wine  by  aamionla. 

One  of  the  re-agcuts  most  to  be  depended  upon  for  promptly 
detecting  protoxyde  of  copper  in  liquids  which  contain  much 
non- volatile  organic  matter,  is  solution  of  femM^anuret  of  potas- 
sium. When  a  liquid  contains  a  considerable  quantity  of  organic 
substances,  mixed  with  only  extremely  minute  traces  of  pro- 
toxyde of  copper,  ferrocyanurct  of  [)utas.sium  determines  therein 
the  same  reddish  ))rown  precipitate  as  in  the  pure  solutions  of 
protoxyde  of  copper ;  it  is  necessary,  however,  that  the  solution 
should  be  neutral  or  sUghtly  add,  but  not  alkaline.  By  this 
re-agent  extremely  minute  traces  of  protoxyde  of  copper  may  be 
rendered  apparent  in  white  wine,  solutions  of  sugar,  and  other 
solutions  of  organic  substances,  pruvided  they  have  not  a  dark 
colour.  In  dark  liquids,  for  example  in  red  wine,  ferrocyanuret 
of  potassium  caimot  detect  protoxyde  of  copper,  unless  the 
quantity  be  very  considerable. 
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The  safest  method  to  detect  the  slightest  traces  of  protoxyde 
of  copper  ill  a  solution  is  to  precipitate  it  iu  the  metallic  state 
bj  means  of  bright  iron,  for  example,  by  the  blade  of  a  knife. 
The  only  Teqnisite  condition  is,  that  the  liquid  thus  tested  be 
neotnd,  or  at  any  rate  hnt  very  feebly  add.  *  If  it  be  strongly 
add,  mneh  hydrogen  gas  is  evohred,  which  pushes  as  it  were  the 
precipitated  zinc  off  its  surface ;  in  consequence  of  which, 
when  the  protoxyde  of  copper  is  not  abundant,  the  copper  coat- 
ing, which  is  the  characteristic  test,  and  a  delicate  one,  is  not 
formed.  In  the  same  manner  when  the  liquid  operated  upon 
contains  all  sorts  of  organic  substances,  and  is  very  dark,  nay, 
completely  opaque the  least  portion  of  protoxyde  of  copper  is 
shown  by  the  pellicle  of  red  metallic  copper  which  enfilms 
the  iron. 

If  the  hqnid  contains  only  a  very  small  quantity  of  protoxyde 
of  copper,  several  hours  are  required  for  the  production  of  this 
coating  of  copper  upon  the  iron.  This  test  is  even  more  delicate 

than  sulphuretted  hydrogen;  for  the  aqueous  solution  of  sul- 
pliuretted  hydrogen,  poured  in  solutions  containing  only  a 
minute  portion  of  protoxyde  of  copper  mingled  with  a  large 
quantity  of  organic  substances,  or  hydrosulphuret  of  ammonia 
added  to  alkaline  solutions  of  the  same  suhstance,  betrays,  it  is 
true,  the  presence  of  protoxyde  of  copper  by  a  brown,  but  not 
by  a  black,  colour.  In  order,  however,  to  acquire  the  entire 
conviction  of  the  presence  of  protoxyde  of  copper  it  is  necessary 
to  cdUect  on  a  filter  the  sulphuret  of  copper  thus  predpitated, 
and  to  test  it  with  the  blow-pipe,  in  order  to  establish  that  it 
contains  copper.  Now  it  is  difficult,  sometimes  impossible,  to 
separate  minute  quantities  of  sulphuret  of  copper  by  filtration, 
because  it  remains  for  a  very  long  time  suspended  in  liquids 
which  contain  much  organic  matter  in  solution ;  besides,  it 
often  occurs  that  solution  of  sulphuretted  hydrogen  £uls  in 
indicating  extremely  minute  traces  of  dissolved  copper,  whilst 

*  F«r  OMunpto,  mitiiig  ink  whidi  cdoteim  Mlpiuito  of  copper, »  mlittaaee  detiv 
BMBtal  to  <lM  quHlj  of  that  liquid,  being  teotod  wMi  «ho  Uado  of  n  knifo^  wiU  bo 
oQforod  00  an  to  iq^oor  dMogod  into  ft  blade  of  oopper^ED. 
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clean  irou  wiU  as  yet  determine  a  predpitale  of  metallic  copper 

in  these  solutions.  In  a  word,  when  a  liquid  is  vcrvdarkj  solu- 
tion  of  sulphuretted  hydrogen  cannot  he  rcsoi-tcd  to  to  deter- 
mine whether  it  contains  any  dissolved  protoxyde  of  copper. 

When  organic  sabstances  in  the  solid  or  in  the  pasfy  state 
are  foimd  mixed  with  small  portions  of  j)rotoxyde  of  copper  they 
are  generally  to  be  digested  in  dilute  nitric  acid,  or  likewise, 
in  some  cases,  in  dilute  sulphuric  acid,  and  the  filtered  liquor 
may  then  be  tested  for  protoxyde  of  copper.  But  extremely 
minnte  traces  of  this  oxyde  cannot  thns  be  detected  when 
mixed  with  a  large  quantity  of  organic  matter;  the  best  is 
then  to  mix  the  mass  with  carbonate  of  soda  or  of  potash,  and  to 
expose  the  whole  to  a  red  heat  in  a  hessian  crueiblc ;  after  wliich 
the  ignited  mass  may  be  pulverised,  the  charcoal  is  removed  by 
washing,  and  the  traces  of  reduced  copper  remain  in  the  crucible. 
In  this  way  copper  may  be  detected  in  food  the  cookmg  of 
which  has  been  performed  in  copper  utensils,  and  in  bread 
which  has  been  adulterated  with  small  quantities  of  sulphate  of 
copper. 

The  method  and  precautions  whicfa^  according  to  Jacquemyns, 
should  be  adopted  for  the  purpose  of  positively  demonstrating  the 
existence  of  the  minutest  trace  of  copper  are  the  following  : 

Dilute  the  substance  with  enough  water  to  form  a  soft  paste, 
to  which  add  double  its  weight  of  crystallised  carbonate  of  soda 
in  powder.  Introduce  the  mixture  in  a  hessian  crucible,  and 
after  putting  the  cover  on,  heat  it  gradually,  and  maintain  it 
for  a  quarter  of  an  hour  at  a  low  red  heat.  After  cooling,  pul- 
verise the  charred  mass  in  an  agate  mortar.  To  effect  this, 
take  only  a  portion  of  the  mass,  moisten  it  ^  illi  Mater,  and 
carefully  rub  it  so  as  to  dilute  it,  and  then  pour  more  water  in 
the  mortar,  moderately  rubbing  the  whole  with  the  pestle,  then 
attentively  pour  the  water  off  which  is  mixed  with  thechaieoal ; 
pulverise  again  the  mass  which  is  left  behind,  and  again  wash  the 
charcoal  off  until  none  of  it  is  left ;  this  done,  small  metallic 
and  shining  spangles  are  found  in  the  mortar  which  have  the 
colour  of  copper.   If  in  this  operation  less  carbonate  of  soda  than 
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stated  is  eniplo\  cd,  the  protoxyde  of  copper,  it  is  trne,  is  also 
reduced ;  but  it  is  then  in  such  a  state  of  divisiun  that  there  is 
danger  of  washing  it  off  with  the  charcoal.  It  is  Hkewise  neccs- 
saiy  to  take  care  that  the  crucihle  should  be  made  red  hot, 
becaiue  this  is  also  a  means  of  better  agglimierating  the  par- 
ticles of  reduced  copper.  In  order  to  avoid  the  danger  of  a 
portion  of  the  alkidiiie  carbonate  penetrating  the  bottom  of  the 
crucible  and  fusing  it,  the  best  is  to  take  a  certain  quantity  of 
the  substance  to  be  analysed,  and  to  deposit  it  at  the  bottom  of 
the  cmcible  nnmixed  with  the  alkaline  carbonate.  A  mortar 
of  agate  mnst  be  nsed:  one  of  porcelain  or  of  stone-ware  should 
not  be  snbstitnted. 

*  According  to  Knhlman,  the  best  method  to  determine 
small  quantities  of  protoxyde  of  copper  in  bread  which  has 
been  poisoned  with  a  protosalt  of  copper,  consists  in  incinerating 
about  [200  grammes]  8000  grains  of  snch  a  bread  in  a  plati- 
num capsula.  The  ashes  are  then  transferred  to  one  of  porce- 
lain, a  quantity  of  nitric  acid  is  to  be  poured  upon  them,  so  as 
to  bnng  the  mass  to  the  consistency  of  cream,  and  heat  is 
applied  until  the  greatest  part  of  the  free  acid  is  volatilized. 
The  mass  ia  then  to  be  digested  in  water,  and  filtered.  The 
protoiyde  of  copper  dissolved  by  the  nitric  acid  may  then  be 
easily  detected  in  the  filtered  liquor.  To  accomplish  this, 
Knhlman  proposes  solution  of  ferrocyanuret  of  potassium,  or 
hydrosulphuret  of  ammonia,  first  supersaturating  the  liquor 
with  ammonia,  and  filtering  when  the  latter  re-agent  is  to  be 
employed.  But  it  is  better  to  dilute  the  solution  with  a  proper 
quantity  of  water  to  form  a  precipitate  of  sulpburet  of  copper 
by  means  of  a  current  of  sulphuretted  hydrogen ;  and,  lastly,  to 
examine  this  sulphiu*et  with  the  blowpipe. 

The  reducing  of  the  bread  to  ashes,  as  prescribed  in  this 
method,  is  a  yery  tedious  operation.  It  may  be  expedited  how- 
ever by  making  use  of  extremely  shallow  and  wide  platinum 
capsnkfl,  so  as  fireely  to  admit  the  air  during  the  combustion. 

*  A  good  method  of  summarily  exaraininti:  white  bread,  which 
is  suspected  of  being  poisoned  by  a  salt  of  copper,  consists 
in  moistening  the  bread  with  solution  of  ferrocyanuret  of 
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potassium,  which  will  impart  a  pink  colomr  to  the  bxead  if  it 
contaixi  any  protoxyde  of  copper.    If  the  bread  to  be  so 

tested  were  brown,  the  change  of  colour  would  be  too  slight 
to  be  perceived. 

25.  OXYDE  OF  SILVER,  AgO. 
(Oxjfde  Argenliqiu*) 

In  the  pmre  state^  oxyde  of  silyer  is  a  powder  of  a  brownish 

grey  colour,  which  solar  fight  turns  black,  and  is  reduced  into 
metallic  silver,  with  disengagement  of  oxygen  gas  when  exposed 
to  a  red  heat.  Oxyde  of  silver  is  very  soluble  in  nitric  acid, 
and  in  a  few  other  adds. 

*  Salts  of  silver  are  colourless^  but  they  turn  bhidc  in  the 
light  of  the  sun;  when  sheltered  from  its  influence  they 
remain  white. 

A  solution  of  potash  produces  in  solutions  of  oxyde  of  silver 
a  light  brown  precipitate  of  oxyde  of  silver  insoluble  in  an  excess 
of  potash,  but  which  is  dissolved  by  ammonia 

A  very  small  quantity  of  ammonia  poured  in  neutral  solutions 
of  silver  determines  a  brown  ])recipitate  of  oxyde  of  sOver,  which 
is  imiiietliatcly,  and  very  easily  dissolved  by  a  larger  portion  of 
ammonia.  When  the  solution  of  oxyde  of  silver  contains  a  free 
acid,  no  precipitate  is  formed  by  saturating  it  with  ammonia. 
A  solution  of  oxyde  of  silver,  to  which  an  excess  of  ammonia 
has  been  added,  yields  a  precipitate  when  treated  by  solution 
of  pure  potash,  provided  the  excess  of  ammonia  be  very  slight. 

A  solution  of  carbonate  of  potash  produces  in  solutions  of 
oxyde  of  silver  a  white  precipitate  of  carbonate  of  silver  soluble 
in  ammonia. 

A  solution  of  bicabbonatb  of  potash  determines  a  white 
precipitate  of  carbonate  of  silver  soluble  in  ammonia. 

A  solution  of  cahuonate  of  ammonia  produces  a  white 
precipitate  of  carbonate  of  silver  soluble  iu  an  excess  of  the 
re-agent. 

A  solution  of  phosphatb  of  soda  produces  in  neutral  solu- 

'  Tlie  presence  of  atnmonincal  ttSttM,  ciflMT  pwtially  or  entirdy,  prerenl  1h» 
fornMtion  of  this  preoipitAte.— £o. 
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tions  of  oxyde  of  silver  a  yellow  precipitate  of  basic  pliosplmte 
of  silyer  soluble  in  ammonia :  the  siipcruatant  liquor  reddens 
Htmiu  paper.  If  the  phosphate  of  soda  be  strongly  ignited 
before  the  experiment^  and  then  dissolved  in  water,  its  solu- 
tion produces  in  those  of  oxyde  of  silver  a  white  precipitate 
of  neutral  ])hosphate  of  silver  soluble  in  ammonia^  and  the 
supernatant  liquor  is  neutral. 

A  solution  of  oxauc  acid  determines  in  neutral  solutions 
of  orjrde  of  silver  a  white  precipitate  of  oxalate  of  silver,  soluble 
in  ammonia. 

A  solution  of  FERBOCVANURET  OF  POTAsu  produccs  a  wliitu 
precipitate  of  lerrocyanurct  of  silver. 

A  solution  of  fbbbictanukbt  of  potash  determines  a 
brownish-red  predpitate  of  forricyanuret  of  silver,  which  has  a 
great  resemblance  with  that  prodaced  by  ammonia  in  solutions 
of  persalts  of  iron. 

*  Infusion  of  galls  produces  no  prcuipitate  in  solutions  of 
oxyde  of  silver — after  some  time,  but  more  rapidly  with  the  help 
of  heat,  the  liquor  deposits  metallic  silver  in  the  state  of  a  black 
powder,  <Mr  else  the  sides  of  the  vessel  become  coated  with  a 
black  metallic  pellicle. 

Hydrosulpuuret  of  ammonia  yields  a  hhick  precipitate  of 
sulpburet  of  silver  insoluble  iu  an  excess  of  the  re-agent  and  in 
ammonia'. 

SuLFHURBTTBO  HTDROOEN,  either  in  aqueous  solution,  or  in 
the  gaseous  state^  gives  a  black  precipitate  of  sulpburet  of  silver 

in  neutral  acid,  or  ammoniucal  solutions  of  oxyde  of  silver. 

A  bar  of  metallic  zinc  precipitates  silver  from  its  solutions 
in  the  metallic  state :  near  the  sine  the  reduced  silver  is  black ; 
but  at  a  certain  distance  from  it,  it  is  white. 

The  following  re-agents  may  also  be  resorted  to  for  testing 
solutions  of  owde  of  silver. 

Muriatic  acid,   and  solutions  of  metallic  culobidss 

'  Tills  precipitate  of  sulphuret  of  silver  is  aKn  ins<»lnlik'  in  other  alkalinr  sul|.Iini  (  t8 
and  iu  alines,  aud  lil^cwibo  iu  cyanide  of  potaAsiuui  aud  dilute  acids,  liut  bulling 
eoneeomtad  i^e  acid,  aays  Dr.  FreNoiiM,  deoompoaes  and  dbw^ves  it,  and  iiilphiir 
b  ispsMtodr— Eo. 
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produce  a  precipitate  oi  chloride  of  silver,  even  in  very  dilute 
Bolutions  of  silver.  Wlien  the  solution  contains  only  extremely 
minute  portions  of  oxyde  of  sUYer,  the  precipitate  is  slowly 
deposited,  and  the  hquor  has  an  opalescent  hue ' ;  if  the 
quantity  be  moie  abimdant,  this  precipitate  has  a  curdy  floo- 
culent  appearance.  It  is  insolnble  in  dilute  acids.  *  Concen> 
trated  muriatic  ucid  dissolves  a  little  of  it,  especially  with  the 
help  of  heat;  but  upon  adding  water  all  that  which  had  dis- 
solyed  is  again  precipitated.  Ammonia  dissolves  the  precipitate 
of  chloride  of  silver^  but  it  is  reproduced  by  supenatnratin^ 
the  ammomBcal  solution  with  «  dilute  acid*  Exposed  to  the 
sunshine,  the  precipitate  soon  loses  its  white  colour^  and  the 
surface  becomes  grey,  or  rather  purple. 

*  It  isj  hoireveri  sufficient  to  mix  it  with  a  little  protochloride 
of  mercury  to  render  it  .imalterable  by  simli^t. 

A  solution  of  lonins  ov  potassium  produces  in  solutions  of 
oxyde  of  silver  a  white  precipitate  having  a  yellow  tin^c,  and 
which  is  iodide  of  silver.  This  precipitate  is  only  very  sparingly 
soluble  in  ammonia';  but  when  so  treated,  the  colour  becomes 
pure  white; — ^it  is  more  soluble  in  an  excess  of  a  solution  of 
iodide  of  potassium,  *  and  is  insoluble  in  dilute  nitric  acid. 

A  solution  of  chromate  of  potash  gives  at  first  a  crimson 
red  precipitate  of  chromate  of  silver,  which  becomes  reddish- 
bro^\^,  and  is  soluble  in  dilute  nitric  acid,  in  ammonia,  and 
in  a  large  quantity  of  water. 

A  solution  of  protosvlphatb  of  iron  determines  a  white  pre- 
cipitate of  metallic  silver  in  neutral  solutions  of  oxyde  bf  silver. 

A  sohition  of  proto(  iii.oridk  of  tin,  to  which  enon<^h  muri- 
atic acid  is  added  to  render  it  clear,  produces  a  white  precipitate 
of  chloride  of  silver,  when  poured  in  small  q[uantity  in  a  solution 
of  oxyde  of  silver.  If  a  larger  quantity  of  protochloride  of  tin 
is  enii)loycd,  the  silver  is  reduced  and  precipitated  in  the  state 
of  a  dark  brown  powder  of  a  very  small  bulk. 

1  W1ientfiepff«dpiUteliMmbiid«d,fHikh^ 

natant  liquid  is  clear. — Ed. 

-  ALOording  to  Martini,  2500  parts  of  Mnmonift  of  ip.  gr.  0*SeO  Sfe  ffeqdMd  to 
dissolve  one  of  iodide  of  aUer, — Eo. 
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The  white  or  light-coloured  precipitates  of  silver  are  most 
peculiarly  distinguished  by  the  rapidity  with  which  tlieir  surface 
assumes  a  black  colour  wheu  exposed  to  solar  light  in  a  moist 
state.  Of  all  these  predpitateB,  that  produced  in  solutioiiB  of 
oxyde  of  aflyer  by  mnmtic  acid  and  the  metalHc  chloridesy  is 
the  most  easily  altered  by  the  influence  of  light ;  and,  on  the 
contrary,  this  chang^e  of  colour  is  trifling  or  null  in  those  preci- 
pitates which  are  produced  by  iodide  of  potassium  and  phosphate 
of  aoda. 

The  salts  of  oi^de  of  silver  wMeh  are  soluble  in  water  are 
decomposed  by  exposure  to  a  red  heat. 

The  solutions  of  the  neutral  salts  of  silver  have  no  action  upon 
fitmus  paper. 

Almost  all  the  salts  of  silver  which  are  insoluble  in  water  are 
soldble  in-nitric  add^  .and  the  presence  of  silver  can  be  detected 
in  sDch  a  solution  by  means  of  muriatic  add,  which  produces 

a  white  curdy  precipitate  of  chloride  of  silver,  insoluble  in 
adds. 

Before  the  blow- pipe,  the  salts  of  silver  are  very  speedily 
reduced  into  metallic  silver,  when  fused  in  conjunction  witb 
soda.  That  duuncter  renders  them  easy  of  detection.  *  Dis- 
solved in  borax,  or  in  microcosndc  salt,  in  the  exterior  flame 
they  give  an  opalescent  glass. 

Solutions  of  silver  are  easily  recognized  by  the  precipitate 
whidi  muriatic  add  determines  in  them,  and  which  differs  from 
an  others  in  tiiis — that  it  is  soluble  in  ammonia,  and  insoluble 
in  dilute  adds*. 

of  the  action  of  hmt  b  to  give  it »  piak  colour,  and  tlien  at  a  tempemlow  below 
redneas,  it  ftues  into  a  yellowish  transparent  litjuii!,  which  on  coohng  Womes  white, 
and  \n  80  soft  tliat  it  can  be  cut  with  a  knife.  Exposed  to  a  whit<>  licat  in  open 
TpKsfla,  it  volatihses  in  thick  heavy  white  fumes.  The  precipitate  with  muriatic 
acid  iH  therefore  quite  characteriatic;  Uie  only  metals  which  this  acid  can  precipitate 
anogqrdeoT  Afw,iDlNa7deof  in«eiiiy,aiidoKydoof  1^  is 
the  oaty  000  wUdi  is  MliiUe  in  amnoois^aiidmn^^ 

oBopvtof  iihwinsylwdoteeledl^itin  llSinillion  parts  of  wate^^  According 
to  rfair,  it  almost  ceMM  to  produce  a  pereeptlMe  Wifllion  wImii  tho  eolatioD  it 
dihited  with  227  millioo  parto  of  water.— £d. 
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The  presence  of  organic  substances  does  not  prevent  mnriatic 

acid  from  forming  a  precipitate  in  solutions  of  oxjde  of  silver 

S6.  OXYDBS  OF  MERCURY. 
[1*.  WMxnm  OF  maco&TfHg^O.]* 

( Oxyde  ifete«ire¥X.y 

*  Pure  suboxyde  of  mercury  is  black.  It  is  reduced  by  a  very 
gentle  heat  into  metallic  mercury  and  protoxyde  of  mercury 
(red  ozyde).  A  stronger  heat  reduces  the  protozydey  but  the 
ultimate  result  is  metallic  mercury  and  oxygen  gas.  It  is  also 
very  often  converted  into  metallic  mercury  and  protoxyde  of 
mercur}''  by  the  action  of  several  acids,  especially  if  a  free  alkali 
be  present.  The  best  method  to  obtain  a  solution  of  suboxyde 
of  mercury  consists  in  treating  an  excess  of  the  metal  by  nitric 
add.  The  neutral  subsalta  of  mercury  ar^  white.  When  basic, 
they  often  have  a  yellowish  colour.  Some  of  them  dissolve  only 
partially  in  water,  by  which  they  are  dccom])osed  into  an  acid 
salt,  which  the  water  takes  up,  and  into  a  basic  salt^  which 
remains  insoluble.  This  is  the  case,  for  example,  witili  the 
neutral  nitrate  of  suboxyde  of  mercury'. 

Solutions  of  suboxyde  of  mercury  behave  with  re-agcnta  as 

follows  : — • 

A  solution  of  potash  produces  a  black  precipitate  of  suboxyde 
of  mercury,  insoluble  in  an  excess  of  the  precipitant. 

'  Mr.  Levol  has  indicAted  a  verj*  simple  metliod  to  reduce  chlorate  of  silver 
iutu  im  Uillic  siiviT,  which  consists  in  dissolving  sugar  in  a  solution  of  caustic  potash, 
an«i  {luiuing  it  upon  chloride  of  silver,  and  boiling  the  whole,  in  a  short  time 
the  sugai*  reduces  the  t>ilvcr,  carbonic  acid  gas  is  evolved,  and  after  washing,  the 
flihrer  im  obtaittMl  in  »  palTonikiit  atite.— >Ed. 

>  This  i»  agva  taking  A*  «quiv«laiit  of  mercoiy  to  be  100,imrtMd  of  S00»  as 
fannorijr.  The  rmuun  for  this  change  are  the  same  as  hare  htm  aUnded  to  in  the 
-aote  on  anboxyde  of  copper,  page  115.  Accordiqg^j,  the  compounds  known 
formerly  ns  protoxyde  and  protochloride  (calomel),  nrt*  now  called  Huboxyde  and 
Bubchloride,  and  the  binoxyde  and  bichlorido  (sublimate)  are  now  r^arded  as  the 
protoxydes  and  protochlorides  of  mercury. — Ed. 

*  According  to  Uorzelius,  the  neutral  nitrate  of  suboxyde  of  mercury,  HggO,  NO^, 
ia  aolnble  tnttoHl  deeooifiofjMim  in  a  amaU  It  i«  only  when  a 
largo  q[aanti^  of  water  ia  mad  that  it  ia  decompoMd  into  a  aohiUe  add  aalt,  and  an 
insoluble  basic  salt,  which  decompodtion  howofor  dooa  not  talce  plaaa  wlien  tiia 
liquid  ooutains  a  little  free  add.— En. 
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Ammonia  produces  also  a  black  pfecipitate^  insoluble  in  an 
^oeas  of  the  re -agent 

A  solution  of  carbonate  of  potash  produces  a  dirty  yellow 
precipitate,  v  hii  h  turns  black  by  boiling,  and  which  is  soluble 
iu  a  great  excess  of  alkaline  carbonate. 

A  solution  of  bicakbonatb  ov  potash  produces  a  white  pre- 
cipitate of  carbonate  of  suboxyde  of  mercuzy,  which  turns  black 
by  boilin«^,  and  disenj^ages  carbonic  add. 

xV  solution  of  CARBONATE  OF  AMMONIA  produCCS  U  glCy  pfCci- 

pitate  when  poured  iu  small  quantity^  but  in  large  quantity  the 
precipitate  is  black. 

A  solution  of  phosphate  op  soda  gives  a  white  precipitate  of 
phosphate  of  snboxyde  of  mercury. 

A  solution  of  OXALIC  ACID  givcs  also  a  white  precipitate  of 
oxalate  of  suboxyde  of  mercury. 

A  solution  of  febrocyanubet  op  potassium  gives  a  white 
gelatinous  precipitate  of  ferrocyanuret  of  mercury. 

A  solution  of  pebbicyanvrbt  op  potassivm  produces  a 
reddish-brown  precipitate  of  ferricyanuret  of  mercury,  which 
after  a  time  becomes  white. 

*  Infusion  op  oalls  produces  a  light  yellowish  precipitate. 

Hydbosulphubbt  op  ammonia  determines  an  immediate 
black  precipitate  of  sulphuret  of  mercury^  insoluble  both  in  an 
ercesB  of  the  re-agcnt  and  in  ammonia;  soluble  in  solution  of 
pure  potash,  but  with  a  residuum  forrainj^  a  black  powder,  which 
is  metallic  mercury,  and  which  may  be  recognized  as  such 
when,  after  collecting  it  upon  a  filter^  it  is  rubbed  with  a  glass 
tod,  and  viewed  through  a  magnifying  ghiss.  If  the  filtered 
alkaline  liquid  be  supersaturated  with  an  acid,  a  black  preci- 
pitate of  sidpluiret  of  mercury  is  formed. 

SuLFUUBETTEO  HYDROGEN,  either  liquid  (aqucous  solution) 
or  gaseous,  determines  an  immediate  black  precipitate  of  sul- 
phuret of  mercoiy,  in  neutral  or  in  acid  solutions  of  snboxyde  of 
mercmy.  The  predpitakion  takes  place  even  when  much  less 

1  Tb9  UMk  pndpitate  prodoood  by  •miMiiift  is  »  dMible  nit  of  Mnmonia  and 
snboxydo  of  iiMWiiiy*~~Eok 
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sulphui-ettcd  hydrogen  gas  is  employed  than  is  necessary  to 
completely  decompose  the  subsalt  of  mercury. 

A  rod  of  METALLIC  iiNc  precipitates  mercury  in  the  metallic 
state,  in  the  form  of  a  grey  film,  which  is  an  amalgam  of  zinc. 

Solutions  of  siiboxyde  of  mercury  may  also  be  recognized  by 
means  of  the  following  re-agents  : — 

Muriatic  acid  and  solutions  of  mbtaluc  chlobidbb  produce, 
even  when  as  small  a  quantity  as  possible  is  poured  in  solutions 
of  suboxyde  of  mercury,  a  white  precipitate  of  subcMoride  of 
mercury,  insoluble  in  simple  acids',  and  which  addition  of  am- 
monia turns  black. 

A  s(dution  of  iodiox  of  potassivii  determines  a  greenish- 
yeDow  precipitate  of  iodide  of  mercury^  which  a  large  addition  of 
the  re-agent  renders  black,  and  in  an  excess  of  which  it  is  soluble. 

A  solution  of  ciiromate  of  potash  gives  a  red  precipitate  of 
chromate  of  mercury'. 

A  drop  of  a  solution  of  suboxyde  of  mercury  placed  upon  a 
piece  of  bright  coppbb,  and  which,  after  a  little  time,  is  rubbed 
with  paper,  leaves  upon  the  copper  a  silvery  muk,  which 

disappears  when  made  red  hut 

The  salts  of  suboxyde  of  mercury,  which  are  soluble  in  water, 
are  volatiliaed  and  decomposed  at  a  red  heat. 

•  The  same  occurs  with  most  of  the  combinations  of  suboi^de 
of  mercury  which  are  insoluble  in  water.  Subchloride  and  sub- 
bromide  of  mercury  are  volatihsable  without  decomposition. 

Solutions  of  salts  of  suboxyde  of  mercury  redden  litmus  paper. 
Most  of  the  salts  of  suboxyde  of  mercury  which  are  insoluble 

•  Subchloride  of  mercury  is  soluble  with  difficulty,  and  vei'y  slowly,  in  muriatic 
aud  in  nitric  acids  by  a  long  continued  ebullition.  Tlie  result  being  with  the  first,  the 
production  of  perchloride  of  mercury  aud  metallic  mercury,  which  i&  left  insoluble. 
Tbe  weoiid  acid  cootM  it  into  perclilocida  sad  peniitnito  of  merauy.  OMUtte 
potMhy  M  wdl  M  smBHiimi,  ouufwts  Hm  wlnto  unhcWoiride  into  Usek  anboi^de  of 
merciury. — Ed. 

-  Tlio  colour  of  this  red  (orange-red)  precipitate  is  more  or  less  intense,  according 
to  the  degive  of  concentration  of  the  liquor  or  quantity  of  the  re-agent  used. — Ed. 

•  ProtochloriJe  of  tin  poured  in  solutions  of  suboxyde  of  mercury,  produces  a 
grey  precipitate  of  metallic  mercury,  which  may  be  agglomerated  into  globules  by 
a^totion,  or  by  boiling  with  mnriftlie  nold.  P!rotoxjrdo  of  mercury  belumM  in  dm 
flame  mannor  wiA  tfua  re^^gen^  aa  will  be  aoeo^  page  I43.*~Ed. 
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iu  water  are  soluble  in  dilute  nitrie  acid.  Muriatic  acid  deter- 
mines in  these  acid  solutions  a  white  precipitate  of  subchloride  of 
mercury,  insoliiUe  in  ammonia^  but  which  is  turned  bhusk  hj  it. 

When  salts  of  snbozyde  of  mercmy  are  mixed  with  dr^^  soda, 
or  other  l)Jii>es,  in  a  jjjhiss  tube,  closed  at  one  end,  and  tlicrciu 
heated  to  redness  by  the  blow-pipe,  mercury  sublimes  in  the 
form  of  a  grey  coating,  in  which  globules  of  inerciuy  most 
dutinctly  appear  when  touched  with  a  gkss  rod.  The  minutest 
poftioiis  of  a  salt  of  suboxyde  of  mercury  may  thus  be  detected. 

*  When,  however,  subchloride  or  subbromide  of  mercury  are 
submitted  to  this  treatment  with  well-dried  soda,  a  considerable 
portion  may  be  volatilised  without  decomposition.  In  order  to 
ttvoid  this  mishap,  it  is  necessary  to  moisten  the  mixture  TOy 
aliglitly  before  implying  the  heat. 

Solutions  of  salts  of  suboxyde  of  mercury  are  very  easily 
(k'tc'ctcd  by  theii'  behaviour  with  muriatic  acid,  the  precipitate 
produced  by  this  rc-agent  being  insoluble  in  dilute  acids,  and 
blackened  by  ammonia,  a  character  which  quite  distinguishes  it 
from  that  produced  by  muriatic  add  in  solutions  of  oxyde  of 
siher.  In  the  dry  way,  the  presence  of  mercury  can  very  easily 
be  ascertained  by  the  production  of  globules  of  that  metal. 

2°.  PROTOXYDE  OF  M£BCURY,  HgO. 
IF^nmif  raaoxm  w  hbcuet.] 
( iMmirjigiM;) 

Firms  protoxyde  of  mercury  is  ordinarily  in  a  crystalline 

state,  and  then  it  lias  a  Ijrick-red  colour;  it  becomes  yellowish 
when  reduced  into  very  fine  powder. 

*  It  is  not  entirely  insoluble  in  water When  this  oxyde  is 
heated,  it  acquires  a  black  colour,  but  becomes  brick-red  again 
on  cooling.  A  stronger  heat  decomposes  it  into  oxygen  gas 
and  metaUic  mercury. 

*  When  long  exposed  to  light,  it  becomes  black  at  the  surface. 

>  According  to  Donovan,  when  protoxyde  of  nerenry  is  bdkd  in  ^UttOM  water, 
a  single  drop  of  dilute  caofllie  ammonia  produces  a  slight  turbidncfls,  which  is 
owing  to  the  fonnatioo  of  a&  imoluble  oomputtnd  of  jftotoxyde  of  mereuiy  and 
ammoma. — £0. 
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^Vhen  achiltcruUci  willi  red  lead,  the  fraud  may  be  detected 
by  heating  it  in  a  small  glass  tube,  closed  at  one  end  until  the 
protoxyde  of  mercury  is  completely  decomposed,  there  will  be  a 
rendaum  of  fdsed  protoxyde  of  lead ;  or  if  brick  dost  is  the 
adulterating  ingredient,  upon  treating  the  mixture  as  above,  the 
briek  dust  is  left  unchanged  behind. 

Protoxyde  of  nirrcnry  is  \cry  soluble  in  acids. 

*  The  adulteration  with  red  lead  may  also  be  detected,  because 
the  solution  in  nitric  acid  leaves  a  precipitate  of  brown  oxyde 
of  lead  (page  102).  The  neutral  salts  of  mercniy  are  colourless ; 
the  basic  ones  often  have  a  yellowish  colour. 

A  sohition  of  potash  determines  in  solutions  of  protoxyde  ot* 
mercury  a  yellow  precipitate  of  hydrate  of  protoxyde  of  mercury, 
insoluble  in  an  excess  of  the  re-agent.  When  too  small  a 
quantity  of  potash  is  poured  in  the  liquid,  the  precipitate  has  a 
tinge  ver^g  upon  reddish-brown,  and  it  consists  of  a  basio 
salt.  If  the  solution  of  protoxj'de  of  mercury  contains  any 
muriate  of  ammonia,  potash  produces  a  white  precipitate,  wliicli 
has  the  same  composition  as  that  produced  by  ammonia  in 
solutions  of  protochloride  of  mercury  (sublimate)  ^  If  the 
solution  contains  much  firee  add,  and  only  a  small  proportion 
of  protoxyde  of  mercury,  an  excess  of  potash  produces  no 
precipitate,  or  only  a  slight  one,  after  a  time. 

Ammonia  produces  a  white  precipitate',  insoluble  in  an  excess 
of  the  ro-agent. 

A  solution  of  CARBONATB  OP  voTASH  determines  a  reddish* 
brown  predpitato,  insoluble  in  an  excess  of  the  re-agent,  and 

the  colour  of  which  is  not  thus  altered ;  it  consists  of  a  biuiic 
salt  of  protoxyde  of  mercury.  When  a  solution  of  protochloride 
of  mercury  (sublimate)  has  been  precipitated  by  carbonate  of 
potash,  the  predpitate  consists  of  a  combination  of  protoii^de 

*  The  precipitate  pmdiicod  in  solutions  of  corrosive  sxiblimate  by  an  excess  of 
potash,  soda,  or  amnionin,  is  a  yellow  liydrate  of  protoxyde  of  mercury.  But  if 
salts  of  animouia  be  preseut,  the  precipitate  ia  white,  and  is  a  subsalt  of  mercury 
comliiiiad  with  Ibo  anmuMiiMiJ  compounds — £d. 

'  Tbe  white  imeipltete  prodooed  by  «aimotii»  in  tohitioiis  of  protoohlQaride  nl 
mercury  (sublimate),  was  fonnerly  called  simply  wfti(»|M«eipAolS  <{^iiMr0ltfyi  II  b 
the  Uydnrgyri  Mnmoiu<»-cfaknidum  of  phanmcy. — Ed. 
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and  of  protochloride  of  mercury.  If  tlic  solution  of  protoxyde 
of  mercury  [red  oxyde]  contains  muriate  of  ammonia,  solution 
of  carbonate  of  potash  produces  a  white  precipitate,  which  has 
the  same  compositioii  as  that  formed  by  ammonia^  when  ponred 
in  aolatioDa  of  protochloride  of  mercury  (sublimate)  \ 

A  solution  of  bicarbonate  op  potash  produces  a  reddish- 
brown  precipitate  in  solutions  of  sulplmte,  and  in  those  of  nitrate 
of  protoxyde  of  mercury^  at  the  same  time  carbonic  acid  ia 
disengaged.  This  precipitate  is  a  basic  salt.  A  solution  of 
protochloride  of  mercury  (sublimate)  is  not  troubled  at  first  by 
that  of  bicarbonate  of  potash ;  but  after  some  time  a  dark 
reddish-brown  precipitate  is  deposited. 

A  solution  of  C  A  RBONATE  OP  AMMONIA  produccs  in  solutions  of 
protoxyde  of  mercury  a  white  precipitate,  the  constitution  of 
which  is  the  same  as  that  which  ammonia  determines  in  the 
same  solutions. 

A  solution  of  phosphate  op  soda  gives  a  white  precipitate  of 
phosphate  of  mercury  in  those  of  sulphate  and  of  nitrate  of  pro- 
toxyde of  mercury,  but  added  to  those  of  protochloride  of  mer- 
cury (sublimate)  a  very  slight  turbidness  only  is  occasioned. 

A  solution  of  oxalic  acid  produces  a  white  precipitate  of 
oxalate  of  mercury  in  those  of  sulphate  and  nitrate  of  protoxyde 
of  mercury,  and  none  in  those  of  protochloride  (sublimate.) 

A  solution  of  ferrocya^nuret  op  potassium  produces  in  solu- 
tions of  protoxyde  of  mercury  a  white  precipitate,  which  by  long 
standing  acquires  a  blue  tinge,  owing  to  the  formation  of  prussian 
blue,  cyanide  of  mercury  renunns  dissolved  in  the  liquid. 

A  solution  of  perricyanuiivt  or  FOTASSirM  produces  a 
yellow  precipitate  in  those  of  sulphate  and  nitrate  of  protoxyde 

'  M.  Dullos  liM  sliown  that  the  composition  of  the  precipitate  produced  by 
cwboiialH  cf  sods  in  •  ndzfoN  of  convim  gwliliniitd  tad  of  mnrfailo  of  amiioiifo, 
io  ^bMo  iliflfcffHut  front  tfint  piodnood  by  snunonift  in  lolntion  of  oovivoivo  oDbfinatou 

The  precipitate  formed  by  evbonate  of  soda  containi  12^29  per  cent  of  muriate  ot 
ammonia,  62*66  per  cent,  of  protochloride  of  mercury  (sublimntc),  and  25-05  of 
protoxyde  of  mercury;  the  formula  would  therefore  be  (HgCl^j  +  N^H^CIj,) 
-f  (  H  _'  ^n_,  4- HgjO)  ;  that  is  to  say,  I  at.  of  ammonio-protochloriile  of  mercury, 
and  I  at.  of  ba.sic  protochloride  of  mercury  ;  whilst  tlut  produced  by  ammonia  ia 
wpwiitod  by  Hga.+HgN^H^.^En. 


Digiiizea  Dy  Google 


138 


OXYDES  OF  MEBCU&Y. 


of  mcrcurj',  but  none  in  tliose  of  protochloride  of  mercury- 
(sublimate.) 

*  Infusion  or  galls  produces  no  precipitate  in  solutions  of 
protozyde  of  mercoiy. 
Htdbosvlvhvkbt  ov  AMMOiriA  poured  in  small  quantity  in 

solutions  of  protoxyde  of  mercury  produces  a  black  precipitate 
of  sulphuret  of  mercury,  which  becomes  perfectly  white  when  it 
is  shaken  with  the  diBSol?ed  salt  of  protoxyde  of  mercuric  which 
the  re-agent  has  not  been  able  to  deoompoie;  tins  white  pre- 
dpitate  remains  a  long  time  suspended  in  the  liquor,  and  is  a 
combination  of  sulphuret  of  mercury^  with  the  sslt  of  protoxyde 
of  mercury  contaiucd  in  the  solution.  If  a  fresh  quantity  of 
hydrosulphuret  of  ammonia  is  gradually  added,  the  precipitate 
becomes  a  mixture  of  black  and  white.  Various  mixtures  of 
the  combination  just  mentioned  witii  sulphuret  of  merouiy, 
produce  precipitates  which  at  first  may  appear  brownish-red. 
When  an  excess  of  tlic  re-agent  has  been  employed,  the  precipi- 
tate is  cuniplcteiy  black,  and  after  the  above  combination  ha^ 
been  entirely  decomposed  by  hydrosulphuret  of  ammonia,  it 
consists  altogether  in  a  sulphuret  of  mercury,  which  is  quite 
insoluble  in  the  cold  in  an  excess  of  hydroaulphuret  of  ammo- 
nia* It  is  also  insoluble  in  ammonia ;  but  a  solution  of  potash 
completely  dissolves  it,  provided  too  little  hydrosulphuret  of 
ammonia  has  not  been  added  in  the  first  instance.  It  may  be 
precipitated  from  this  alkaline  solution  by  supersaturating  it 
with  an  add. 

The  aqueous  solution  of  svlprueettbd  htdboobn,  or  a  cur- 
rent of  the  gas,  behaves  in  the  same  manner  with  acid,  or  witli 
neutral  solutions  of  protoxyde  of  mercury ;  the  phenomena  are, 
however,  more  easily  observable  with  sulphuretted  hydrogen  than 
with  hydrosulphuret  of  ammonia. 

A  bar  of  iutallic  sinc  produces  the  same  effect  with  solu- 
tions of  protoxyde  as  with  those  of  suboxyde  of  mercury  already 
described. 

Solutions  of  protoi^de  of  mercury  may  likewise  be  recognized 
by  the  following  re-agents : 
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A  solution  of  iodide  op  potassium  produces  a  red  prccipitute 
of  a  Vermillion  colour,  which  is  soluble  in  an  excess  of  the 
re-agent,  and  also  in  an  eioeis  of  the  solution  of  protoxyde  of 

■ 

mercury  and  in  mnriatio  add. 

A  solution  of  chromate  op  potash  determines  a  reddish- 
yellow  precipitate  of  cliromate  of  mercur}^  in  the  solutions  of 
protoxyde  of  mercury  which  are  not  too  dilute. 

Solutions  of  protozyde  of  mercury  behave  with  metallic 
coFPBK  in  the  same  manner  as  solutions  of  suboxyde  of  mercury. 

The  salts  of  protoxyde  of  mereory,  other  soluble  or  insoluble 
in  water,  are  volatilised  and  decomposed  when  exposed  to  a  red 
heat. 

*  Frotochloride,  protobromide,  and  proto-iodide  of  mercury, 
however,  may  be  snbUmed  without  decomposition. 

Neutral  solutions  of  salts  of  phytoxyde  of  mercury  redden 

litmus  paper. 

Almost  all  the  salts  of  mercury  insoluble  in  water  are  soluble 
in  acids.  The  best  manner  to  detect  the  presence  of  protoxyde 
of  mercury  in  this  add  solution,  consists  in  adding  gradually 
aqueous  solution  of  sulphuretted  hydrogen  theieto.  If  there  be 
still  some  undecoraposed  protoxyde  of  mercury  in  the  liquor,  a 
white  precipitate  is  produced  by  tliis  udditiun  of  sulphuretted 
hydrogen  which  remains  suspended  for  a  long  time,  and  which 
is  converted  into  a  black  heavy  predpitate  by  an  excess  of  liquid 
sulphuretted  hydrogen. 

*  The  salts  of  protoxyde  are,  like  those  of  suboxyde  of  mer- 
cury, easily  reduced  before  the  blow-pipe ;  after  having  been 
mixed  with  soda,  protochloride,  proto-iodide,  and  protobromide 
of  mercury,  when  mixed  with  soda,  may  be  partly  volatihsed 
without  decompodtion.  When  heated,  this  accident  may,  how- 
ever, be  easUy  avoided  by  very  slightly  moistening  the  mixture 
before  submitting  it  to  the  action  of  the  heat.  When  a  portion 
of  protoxyde  of  mercury  which  has  been  adulterated  with  red 
lead,  or  with  brick-dust,  is  heated  upon  charcoal  with  the  blow- 
pipe, the  lead  or  the  brick-dust  is  lea  upon  the  charcoal,  by 
which  means  the  fraud  is  at  once  detected. 
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The  salts  of  ])r()tox3^de  of  mercury  may  be  recognized  by  tlieij' 
behaviour  with  hydrosulphuret  of  ammomay  or  still  better,  this 
aalt  beiiig  too  csoncentrated^  by  their  behaviour  with  the  solution 
of  sulphuretted  hydrogen.  In  the  dry  way :  the  production  of 
globules  of  mercury  is  a  dedsive  proof  of  the  existence  of  that 
metal. 

The  presence  of  such  organic  substances  as  cannot  be  vola- 
tilised without  undergoing  decomposition,  has  much  influence 
upon  the  deportment  of  solutions  of  protozyde  and  of  protochlo* 
ride  of  mercury  with  the  preceding  re-agents,  even  though  these 
solutions  be  not  coloured  by  the  above  said  organic  substances. 
It  sugar,  for  example,  or  non-volatile  organic  acids  be  added  to 
a  solution  of  protoxyde  of  mercury,  an  excess  of  solution  of 
potash  being  subsequently  poured  therein  does  not  immediately 
produce  any  precqdtate,  if  the  liquid  contains  only  a  small 
quantity  of  protozyde  of  mercur}' ;  but  if  this  solution  of  pro- 
toxyde  of  mercury, be  concentrated,  a  precipitate  of  a  dirty 
yellow  colour  is  at  first  formed^  but  in  either  case  a  black  hea\y 
sediment  is  after  a  time  deposited,  which  contains  subozyde  of 
mercury  and  much  metallic  mercury.  Tins  black  precipitate  is 
immediately  determined  by  boiling.  The  same  phenomena  are 
produced  when  carbonate  of  soda  or  of  potash  is  used  instead  of 
pure  potash.  Were  an  alkali  not  added,  the  reduction  into 
metallic  mercury  would  not  take  place.  Ammonia  produces  in 
such  solutions  of  protozyde  of  mercury  a  white  precipitate, 
which  keeps  its  colour  for  a  long  time,  and  which  partly  turns 
black  by  boiling. 

*  It  is  often  said  that  the  action  of  organic  substances  upon 
protochloride  of  mercury  is  to  change  it  into  subchloride  of 
mercury  and  metaUic  mercury.  Supposing  this  to  take  place, 
it  is  a  rare  case,  for  it  is  only  by  the  addition  of  a  fized  alkali 
that  the  reduction  of  protodiloride  of  mercury  into  subozyde  of 
mercury  and  metallic  mercury  can  take  place.  It  often  happens 
that  a  solution  of  protochloride  of  mercury  (sublimate)  produces 
white  precipitates  in  solutions  of  organic  substances,  but  these 
precipitates  ordinarily  consist  of  a  combination  of  the  organic 
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substance  with  protoxyde  of  mercury,  and  they  contain  no 
subchloride  of  mcrcur\%  as  is  frequently  supposed.  By  the 
addition  of  an  alkali^  on  the  contraiy,  they  are  reduced^  espedally 
with  the  help  of  heat^  into  auboxyde  of  meiciuy  and  metaDio 
mercury. 

When  solutions  of  protoxyde  of  mercury  are  strongly  coloured 
by  organic  substances,  for  example,  when  they  contain  red  wine, 
flolntion  of  potash  immediately  produces  dark-coloiiTed  piedpi- 
tate  of  ▼arions  hues,  whidi,  by  standing,  or  more  rapidly  still 
by  boiling,  become  black,  and  consist  of  suboxyde  of  mercury 
and  metallic  mercury.  White  wine  containing  much  proto- 
chloride  of  mercury  (sublimate)  in  solution  is  coloured  reddish- 
brown  by  solution  of  potash,  but  no  immediate  precipitate 
appears ;  it  is  only  after  a  pretty  considerable  time,  or  more 
rapidly  by  boiling,  that  at  first  a  dirty  reddiih-brown  and  then 
a  grey  precipitate  is  formed. 

*  When  an  excess  of  hydroaulphuret  of  ammonia  or  of  solu- 
tion of  sulphuretted  hydrogen  is  poured  in  solutions  of  protoxyde 
of  mercury,  mixed  with  much  organic  matter,  it  sometimes 
occurs  that  no  black  precipitate  of  sulphuret  of  mercury  is 
thereby  produced.  The  precipitate  is  oftt:a  yellow  or  brown, 
according  to  the  nature  of  the  various  organic  substances,  and 
it  is  only  when  ammonia  is  added  that  it  becomes  black ;  but 
when  a  black  precipitate  of  sulphuret  of  mercury  is  immediately 
produced,  this  precipitate  can  seldom  be  distinguished  in  liquids 
whicli  arc  of  a  verv  dark  colour.  In  order  fullv  to  convince 
one's  self  that  mercury  is  present,  the  precipitated  sulphuret 
must  be  collected  on  a  filter,  dried,  mixed  with  soda,  and 
reduced  into  metallic  mercury  by  heating  it  in  a  small  glass 
tube,  closed  at  one  end.  But  as  the  sulphuret  of  mercury  may 
remain  suspended  for  a  long  time  in  the  liquid  when  this  liquid 
contains  certain  organic  substances,  and  a^«,  in  such  a  case,  it  is 
difficult,  sometimes  impossible,  to  collect  it  on  a  filter,  sulphu- 
retted hydrogen  should  be  resorted  to  for  precipitating  the 
mercurial  solution  only  when  the  proportion  of  mercury  is  very 
considerable.   The  safest  method  to  discoTcr  a  small  quantity 
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of  mercury  in  such  liquids  csonsists  in  plunging  therein  a  sheet 
of  bright  copper.  The  liquid  slioukl  be  neutral,  or  at  least  only 
slightly  acid;  but  mercury  can  also  be  precipitated  from  an 
rik^iline  liquid  by  copper.  It  doea  not  matter  in  aucli  a  case 
whether  the  liquid  ia  retry  dark  or  only  slightly  eoloured,  or 
whether  it  contains  this  or  that  kind  of  organic  matter.  How- 
ever feeble  the  traces  of  mercury  dissolved  therein,  the  copper, 
after  a  time,  becomes  coated  with  a  grey  film,  which,  upon  being 
rubbed  with  paper^  ahowa  an  argentine  anrfaoe,  which  a  moderate 
heat  soon  disaipatea.  When  the  quantity  of  mercury  dissolved 
is  extremely  minute,  the  apparent  ailvermg  of  the  copper  is  very 
slight ;  for  the  ruddy  hue  uf  the  copper  may  be  seen  through. 
In  such  a  case  the  original  colour  of  the  copper  should  be 
reproduced  by  heating  the  copper  in  several  places,  and  then 
the  ailveiy  iqppearance  of  the  apota  which  have  not  been  heated 
becomes  more  distinct  when  compared  with  the  other  plaoea  in 
which  the  pure  copper  colour  has  been  restored. 

*  Accordiiin;  to  J.  Smithson  the  following  metliod  should  be 
adopted  for  the  purpose  of  detecting  extremely  miuute  traces 
of  peraalt  of  mercury  in  any  kind  of  liquid.  Take  a  amall  foil 
of  pure  gold,  or  a  atrong  gold  wir^  round  which  a  thin  atrip 
of  tin-foil  is  to  be  coiled,  and  plunge  it  in  the  liquid  under 
examination,  which  liquid  should  be  previously  acidulated 
with  a  few  drops  of  muriatic  add.  After  a  time  (several 
houra  may  be  required  if  only  a  very  minute  quantity  of  mer- 
cury ia  in  solution)  the  mercury  is  precipitated  upon  the  gold, 
and  haa  sflvered  it.  By  heating  the  gold  the  mercury  is 
volatilised,  whicli  at  once  identifies  the  metal,  and  the  gold 
re-a.ssumes  its  original  colour. 

*  Although  extremely  minute  quantitiea  of  mercury  may  be 
detected  by  thia  method^  yet  Orfila  is  of  opinion  that  it  may 
often  be  a  subject  of  error.  After  a  time  some  tin  may  be  dis- 
solved, and  reduced  so  rus  to  whiten  tlie  gold,  and  thus  simulate 
the  presence  of  mercurj ,  which  all  the  while  may  be  absent. 
When  the  gold  thus  whitened  ia  expoaed  to  heat,  it  may  even 
recover  its  golden  colour.   It  ia  therefore  better  not  to  expose 
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it  to  heat,  but  to  digest  it  in  a  little  concentrated  muriatic  acid. 
If  the  white  colour  was  owing  to  the  reduction  of  tin,  the  tin  is 
dissolved  by  the  acid,  and  the  golden  colour  re-iqppeani;  if,  on 
the  contiazy,  the  white  colour  was  caosed  hj  mercury,  it  does 
not  disappear;  when  snch  is  the  case  the  gold  is  removed  from 
tlie  acid,  and  put  into  a  narrow  tube,  closed  at  one  end,  in 
which  it  ia  to  be  heated  :  a  little  mercury  is  sublimed,  and  the 
gold  re-assumes  its  pristine  oolonr. 

*  This  mode  of  reducing  merciny  from  its  solutions  may  be 
adTantageonsIy  resorted  to  when  these  solutions  contain  nmch 
organic  matter  so  as  to  appear  very  djirk. 

When  protoxyde  of  mercury  is  contained  in  organic  substances 
in  the  solid  or  in  the  pasty  state,  and  which  are  insoluble  in 
water.  It  is  advisable,  in  some  cases,  to  try  whether  they  can  be 
dissolved  by  ammonia.    Thus,  for  example,  the  solutions  of 
protochloride  of  mercury  (sublimate)  form,  with  solutions  of 
albumen,  a  precipitate  which  is  insoluble  in  water,  but  which  is 
very  readily  soluble  both  in  ammonia  and  in  solution  of  potash. 
Hydiosnlphuret  of  ammonia  poured  in  sudi  an  ammoniacal 
solution  precipitates  mercury  in  the  state  of  sulphuret;  but 
this  precipitate  remains  for  a  long  time  in  suspension,  and  can 
scarcely  be  separated  from  the  solution  for  the  purpose  of  (hying 
it,  and  then  of  submitting  it  to  the  action  of  the  blow-pipe,  in 
order  to  ascertain  whether  it  contains  mercury.   It  is  there- 
fore preferable  to  plunge  a  strip  of  bright  copper  in  the  ammo* 
niacfd  solution  from  which  the  mercury  can  thus  be  precipitated 
in  the  metallic  state  exactly  as  would  be  the  case  with  a  neutral 
or  slightly  acid  solution  j  the  mercury  thus  precipitated  by 
copper  forms  a  superficial  coating  of  a  grey  colour,  which 
assumes  a  silvery  appearance  by  friction  with  a  piece  of  paper. 
Even  exceedingly  small  traces  of  mercury  can  be  thus  detected 
in  an  araraoniacal  solution,  and  perhaps  also  it  is  the  best  test 
which  could  be  employed  for  the  purpose  of  jiscertaining  the 
presence  of  mercurj^  in  blood  with  which  a  certain  quantity  of 
this  metal  might  have  been  mixed,  since  all  the  constituent 
principles  of  the  blood  are  soluble  in  excess  of  ammonia. 
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It  is,  however,  necessary  in  such  experiments  not  to  employ 

solution  of  potash  instead  of  ammonia ;  for  the  presence  of  mer- 
cury in  a  potash  solution,  even  though  such  a  solution  be  clear, 
cannot  be  detected  in  hydrosulphuret  of  ammonia,  because  the 
solphniet  produced  by  this  re-agent  remains  dissolved  when  there 
is  enough  potash  (page  138).  A  strip  of  copper  precipitates 
also  mercury  from  such  a  solutiou,  but  not  so  well  as  from  an 
ammoniacal  solution. 

When  the  organic  matter  containing  mercury  is  insoluble 
both  in  water  and  in  ammonia^  it  is  cnstomaiy  to  digest  it  with 
nitric  add;  but  this  method  is  often  a  sonroe  of  inoonveuienee, 
especially  when  the  quantity  of  organic  sabstances  is  very  abun- 
dant,  and  that  of  the  mercun'  very  small.  In  such  cases  it 
is  preferable  to  adopt  the  following  course : — The  dry  sub- 
stance is  to  be  mixed  with  about  the  third  or  the  fourth  of  its 
weight  of  carbonate  of  soda  or  of  carbonate  of  potash,  and  the 
mixture  is  to  be  introduced  in  a  retort  so  as  to  leave  the  three- 
fourths  of  it  empty;  water  is  poured  in  the  retort  in  suflicicnt 
quantity  so  that  by  shaking  the  retort  the  whole  of  the  contents 
has  the  consistency  of  pap  or  batter.  If  the  substance  which 
contains  the  mercury  is  in  the  pasty  state,  it  is  to  be  mixed 
with  some  alkaline  carbonate,  and  dried  by  a  gentle  heat,  in 
order  to  fiunlitate  its  introdnction  into  the  retort.  The  neck  of 
tlic  retort  is  then  to  be  connected  with  a  receiver  bv  means  of 
a  perforated  cork,  which  must  not  tit  quite  air-tight,  and  the 
retort  is  then  to  be  gradually  heated  till  the  bottom  becomes 
red  hot.  When  the  mixture  under  examination  is  not  abundant, 
so  that  the  experiment  can  be  performed  in  a  small  retort,  a 
spirit-lamp  with  circular  wick  w  ill  give  a  sufficient  heat  \  but 
if  larger  quantities  are  operated  upon,  ordinary  fuel  must  be 
employed.  Ordinarily  the  mixture  swells  up  greatly,  and  care 
must  in  consequence  be  taken  that  it  should  not  pass  into  the 
neck  of  the  retort.  After  cooling,  the  neck  of  the  retort  is  to 
be  cut  immediately  near  the  roof,  and  the  neck  thus  cut  off  is 
again  to  be  split  longitudinally,  in  order  to  have  access  to  its 
inner  8uri)ace,  which  is  found  covered  with  a  brown  empyreumatic 
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viscid  oil.  At  the  distance  of  about  one  inch  from  the  roof  of 
tbe  retort  small  globules  of  mercniy  may  be  found.  The  best 
way  of  asoertaining  that  they  really  are  globules  of  mercury 
consists  in  rubbing  the  finger  on  the  spot  where  the  operator 
tliiiiks  he  perceives  some,  and  it  is  then  easy  to  distin}::uish 
them  on  the  tiuger  where  the  matter  has  adhered,  eitlier  with 
the  naked  eye,  or,  vhat  is  better,  with  the  help  of  a  magnifying 
glass.  This  precaution  is  necessary,  because  small  bubbles  of 
air,  inclosed  in  the  empyreumatic  oil,  simulate  minute  globules 
of  mercury,  and  may  be  mistaken  for  such  by  an  unexperienced 
analyst.  If  the  organic  matter  contained  only  slight  traces  of 
mercury,  tbe  whole  of  tbe  metal  is  found  in  the  neck  of  the 
retort,  and  none  has  passed  with  the  empyrenmatic  oil  into  the 
receiyer.  This  method  gives  more  correct  results  than  is  gene- 
rally beHered.  If  no  mercury  should  be  found  in  the  neck  of 
the  retort,  the  oil  in  the  receiver  and  the  broken  pieces  of 
the  neck  of  the  retort,  with  the  oil  adhering  to  them,  may  be 
digested  in  nitric  add,  in  order  to  test  for  mercury  the  acid 
solutions  thus  obtained.  If,  however,  the  operation  having  been 
conducted  with  great  care,  no  mercury  is  found  in  the  neck  of 
the  retort,  the  nitric  acid  solution  will  seldom  afford  a  trace  of 
mercury. 

*  When  a  dry  organic  substance  is  mixed  with  protochloride 
of  mercury  (sublimate)  it  is  often  necessary  to  add  wat»  or 
akohol,  in  order  to  extract  the  mercurial  salt,  the  presence  of 

the  metal  can  tlieu  l)e  easily  recognised  in  the  aqueous  or 
alcoholic  solution  by  means  of  the  re-agents  above  mentioned. 
Water  is  employed  to  dissolve  protochloride  of  mercury  (subli- 
mate) wlm  the  organic  substance  is  insoluble  in  that  vehicle, 
and  alcohol  when  the  organic  substance  is  not  acted  upon  by 
spirit.  If  the  organic  substance  is  insoluble  both  in  water  and 
in  alcohol,  this  last  menstruum  deserves  the  preference,  because 
protochloride  of  mercury  is  more  soluble  in  it  than  in  water. 


L 


Digitized  by  Google 


14(5 


0XYDK8  OF  FLATUS  UM. 


27.  0XYDE8  OF  PLATINUM. 

[1*.  PBOTOXTDE  OF  PLATINUM,  PtO.] 

{Oxi^h:  PlatimiLc.) 

*  P&OTtiXYDE  of  platinum  in  the  state  of  hydrate  is  black. 
The  corresponding  protochloride  of  platinum  {chkrwre  plati- 
neux)  is  dark-brown^  and  is  insoluble  in  water,  but  soluble  in  a 
solution  of  percbloride  of  platinum,  and  in  muriatic  acid.  When 
heated  witli  aqua  regia,  it  is  converted  into  pcrchloride  ot"  ])lati- 
num;  its  muriatic  acid  solution  behaves  with  rc-ageutb  like 
that  of  protoxyde  of  platinimi  in  add. 

*  An  excess  of  a  solution  of  potash  poured  in  such  solutiona 
produces  no  precipitate.  If,  however,  the  liquor  contains  a  little 
perchloridc  of  pliitiiumij  a  slight  yellow  precipitate  of  potassio- 
chloridc  of  platinum  is  produced. 

*  Ammonia  poured  in  excess  in  a  solution  of  protochloride 
of  platinum  determines  a  green  crystalline  prec^itate  of  am- 
monio-chloride  of  platinum,  and  the  supernatant  liquid  is  as 
limpid  as  water. 

*  A  solution  of  carbonate  of  potasu  produces  iu  solutions 
of  protochloride  of  platinum  a  brownish  precipitate,  which 
requires  some  time  for  settling ;  the  supernatant  liquid  retains 
a  brownish-red  colour,  and  by  long  standing  it  turns  blach ; 
this  change  beginning  at  the  surface. 

*  A  solution  of  carbonate  of  soda  behaves  like  one  of  car- 
bonate of  potash. 

*  A  solution  of  carbonate  of  ammonia  produces  no  preci- 
pitate in  that  of  protochloride  of  platinum. 

*  A  solution  of  fhosphatb  op  soda  determines  no  preci- 
pitate either,  even  after  neutralising  the  free  muriatic  acid  by 
potash. 

*  A  solution  of  oxalic  acid  produces  no  precipitate  in  solu- 
tions of  protochloride  of  platinum. 

*  A  solution  of  paRBOCTANUBBT  OF  POTASH,  nothing. 

*  A  solution  of  PBBBicTANiniBT  OP  POTASH,  nothing. 

*  A  solution  of  ferchloride  of  mercury,  nuthmg. 
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*  A  solution  of  nitratb  of  suboxyob  of  mercuay  produces 
a  black  precipitate. 

*  A  solution  of  pbotobulphatb  of  iron  produces  no  preci- 
pitate in  tliat  of  protocbloride  of  platinum. 

*  A  solution  of  protochloride  op  tin  imparts  a  brownish- 
red  colour  in  that  of  protochloride  of  platinum ;  but  no  preci- 
pitate is  produced. 

*  A  solution  of  iodide  of  FOTASsiiru  at  first  communicates  a 
dark  brownish-red  colour  to  solution  of  protochloride  of  plati- 
num ;  but  after  a  time  a  black  precipitate  is  produced,  having  a 
metallic  lustre,  and  the  liquor  is  left  colourless. 

*  Aqueous  solution  or  a  current  of  sulphuretted  hydrogen 
OAS  imparts  a  brown  colour  to  the  neutia],  and  to  the  add 
solutions  of  piotodiloride  of  platinum.  Yet  after  some  time  a 
black  precipitate  of  sulphuret  of  platiniun  is  formed. 

*  HvDROsuLPHURET  OF  AMMONIA  produccs  in  solutiou  of 
protochloride  of  platinum  after  saturation  with  potash,  a 
blackish-brown  precipitate  of  sulphuret  of  platinum  soluble  in 
a  large  excess  of  the  re-agent.  The  solution  has  a  dark  reddish- 
brown  colour. 

*  Solutions  of  protochloride  of  platinimi  are  easily  recognized, 
more  especially  by  the  green  precipitate  produced  by  ammonia. 
When  heated  with  aqua  regia»  the  protochloride  of  platinum 
becomes  conTorted  into  perchloiide  of  platinum^  which  may  be 
easily  identified  by  means  of  the  re-agents  mentioned  under  the 
next  licad. 

*  When  non-volatile  organic  substances  are  mixed  with 
solution  of  protochloride  of  platinum^  solutions  of  carbonate  of 
potash  or  of  soda  poured  in  it  at  first  produce  i^o  change ;  but 
after  some  time  the  solution  assumes  a  black  colour.  The 

development  of  the  characteristic  green  preci})itate  produced  by 
ammonia  in  solution  of  protochloride  of  platinum  is  not  impeded 
by  the  presence  of  non-volatile  organic  substanoesj 


l2 


Digitized  by  Google 


148 


OXYDES  OF  PLATINUM 


2*.  PEROXYDE  OF  PLATINUM,  PlO,. 
[nmoxTjn  or  platiiiqii.] 

It  is  probable  that  pure  pcroxyde  of  platinum  is  never  met 
with  in  the  course  of  analytical  researches.  Hydrate  of  dea- 
toxyde  of  platinam  is  a  reddiah-brown  powder^  which  by  expo* 
rare  to  heat  beoomes  dark-brown,  or  almost  black,  and  givea 
out  water.  By  a  stronger  heat,  hydrated  pcroxyde  of  pUtinum 
disengages  oxygen,  and  metallic  platinum  is  reduced. 

*  Its  combination  with  acids  forms  red  or  vellow  salts :  but 
it  has  also  a  rather  strong  affinity  for  basic  substances,  and  it 
combines  with  the  alkalies. 

The  corresponding  perchloride  of  platuinm  forms  a  dark 
brownish-red  saline  mass,  which  becomes  converted  into  proto- 
chloride  of  platinum  when  heated  almost  to  the  temperature  of 
melting  lead and  into  metallic  platinum  by  a  further  increase 
of  temperature.  In  both  oases  chlorine  gas  is  disengaged  when 
perchloride  of  platinam  is  heated  less  strongly  than  is  requisite 
to  convert  it  entirely  into  protochloride  of  platinum ;  it  is  com- 
pletely soluble  in  water,  to  which  it  comiiuinicatcs  ;i  Ijrown 
colour  of  so  deep  a  hue  that  the  solution  appeal's  opaque.  This 
liquid  consists  of  protochloride  dissolved  in  perchloride  of 
platinum. 

Perchloride  of  platinum  is  soluble  in  water  and  in  alcohol ; 

the  solution  has  a  deep  brown  colour,  and  resembles  much  that 
of  neutral  perchloride  of  iron. 

*  This  solution  has  still  an  intense  colour  when  it  is  so 
dilute  as  not  to  afford  any  precipitate  with  solution  of  chloride 
of  potassium. 

The  aqueous  solution  behaves  towards  re>agents  like  that 

of  platinum  in  aqua  regia,  which  contains  perchloride  of 
platinum. 

A  solution  of  potash  produces  a  yellow  precipitate  of  potassio- 

i  Leftd  melto  ««  about  612'^  Fahr.— £d. 
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chloride  of  platinum^  especially  when  a  little  muriatic  acid  is 
added^  in  order  to  conTert  the  potash  into  chloride  of  potas- 
rinm The  precipitate  is  not  sensihfy  soluble  in  free  adds,  but 
it  is  soluble,  witb  the  help  of  heat,  in  an  excess  of  potash,  and 

does  not  separate  from  the  liquor  on  cooling.  It  re-appears  in 
such  a  liquor  by  supersaturating  it  with  muriatic  acid.  ^  A 
very  large  quantity  of  water  is  required  to  dissolve  it. 

Ammonia  produces  in  solutions  of  perchloride  of  platinum, 
(especially  if  a  little  muriatic  acid  be  added  to  convert  the 
ammonia  into  muriate  of  ammonia)  a  yellow  precipitate  similar 
to  that  produced  by  solutions  of  potash,  and  which  is  insoluble 
in  free  acids. 

*  This  precipitate  is  a  combination  of  the  two  salts  forming  an 
ammonio-cUoride  of  platinum  soluble  in  a  very  large  quantity 
of  water. 

It  is  also  soluble  with  the  help  of  heat  in  excess  of  ammonia, 
and  if  such  a  solution  be  supersaturated  by  muriatic  acid,  a 
white  predpitote  is  thrown  down. 

A  solution  of  cakbonatb  of  potash  produces  in  solutions  of 
persalts  of  platinum,  especially  by  adding  a  little  muriatic  acid, 
in  order  to  convert  the  potni^h  into  chloride  of  potassium,  a 
yellow  precipitate  of  potassio-chloridc  of  platinum  insoluble  in 
an  excess  of  the  re-agent,  even  with  the  help  of  heat. 

A  solution  of  bicarbonate  of  potash  behaves  in  the  same 
manner. 

A  solutiou  of  CARBONATE  OF  SODA  does  not  produee,  in  the 
cold,  any  precipitate  in  solutions  of  perchioride  of  platinum, 
even  when  left  for  a  long  time  in  contact. 

*  If,  however,  the  mixture  be  kept  boiling  foi^  a  long  time,  a 
brownish-yellow  predpitote  of  platinate  of  soda  is  produced. 

A  solution  of  carbonate  of  ammonia  behaves  like  that  of 
carbonate  of  potash  ;  the  yellow  precipitate  which  is  formed  is 
an  ammonio>chloride  of  platinum. 

A  solution  of  phosphate  of  soda  produces  no  predpitote. 

'  Without  this  prccantioD  the  free  alkali  might  prarcnt  Hhib  pRdpitetioii  of  the 
double  chkrido. — £d. 
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A  soliition  of  OXALIC  acid  produces  no  precipitate. 

A  solution  of  FERROCYANURET  OF  POTASSIUM  produCCS  a  prC- 

cipi^ute  of  potnssio-chloride  of  platmum,  aud  the  liquor  assumes 
a  slightly  darker  colour. 

A  solution  of  fbbeicyanubbt  of  fotamivii  behaves  like  the 
preceding  le-agent. 

A  solution  of  cvanlrlt  of  mercury  produces  uo  ]^<e- 
cipitate. 

A  solution  of  suBMTRATE  OS  MSACuftY  determines  an  abundant 
reddish-yellow  precipitate. 

A  solution  of  pbotosulphavb  of  iron  produces  no  pre- 
cipitate. 

Pkotoc  HLORiOK  OF  TIN  impai'ts  a  ilark  ivddish-browu  colour 
to  solutions  of  perchlohde  of  platinum without  producing  a 
precipitate. 

A  aolution  of  iodidb  of  fotassiuk  likewise  communicates  a 
dark  reddish-brown  colour  to  solutions  of  perchloride  of  plati- 
num ;  but  it  determines  besides  a  brown  precipitate  of  a  lighter 
hue.  Wlicn  the  liquor  is  heated^  the  glass  becomes  covered  with 
a  mctaUic  coating. 

*  Infusion  of  oalls  produces  no  precipitate. 

Aqueous  solution^  or  a  current  of  sulphurbttbd  htdbogbn 
OAS  poured  in  neutral,  or  in  acid  solutions  of  perchloride  of  pla- 
tiniim  first  renders  them  brown  oulv  :  but  after  a  time  a  browu 
precipitate  of  bisulphuret  of  platinum  is  formed,  which,  after 
settling  at  the  bottom  of  the  vessel,  appears  bku^ 

Htbeobulfhuebt  of  ammonia  produces  in  solutions  of  per- 
chloride of  platinum  a  blackish-brown  precipitate  of  bisulphuret 
of  platinum  soluble  in  a  pretty  large  excess  of  the  re-ageut. 
The  solution  has  a  deep  reddish-brown  colour. 

'  This  colour  is  due  to  the  reduction  of  the  [xerchloride  of  platinum  to  the  state 
of  piiolodilovided— EiK 

*  WImh  fhe  liqsor  b  hotted,  tolnlioDofndiiliweltodbjdbvgsBlionM  an 
dkto  pcedpitete  «rflnnlpIioret  of  ptstinimi,  ooltdbl^  aeoordiiig  to  Dr.  Fresenina,  in 

ft  very  large  oxct  S8  of  the  re-agcnt,  or  of  alkAlinc  sulphurct,  and  readily  in  aqua 

regis,  hut  insoluble  in  muriatic  and  in  nitric  acids.  Bcrzoliiis  snvf,  however,  that 
bisulphuret  of  platintini  soluble,  with  the  help  of  heat,  in  concentrated  nitric  acid, 
hy  which  it  ia  converted  into  persulphate  of  platinum. — Ed. 
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A  bar  of  metallic  zinc  precipitates  platinum  in  the  metiillic 
state  from  its  solutions,  under  the  form  of  a  black  powder. 

The  combinatioii8  of  peroxyde^  and  of  perchioride  of  phitinum, 
are  deoompoBed  when  exposed  to  a  red  heat;  metallic  platuram 
ii  left  whilst  the  acid,  if  volatOe,  as  well  as  the  oxygen,  or  the 
cliloiiiie,  escape  in  the  gaseous  state.  If  the  combiuations  of  per- 
chioride of  platinum  contain  a  metallic  chloride,  which  is  neither 
volatile  mast  decomposable  by  heat,  this  metallic  chloride^  after 
caldmngy  remains  mixed  with  minutely  divided  platinmau 

Solutions  of  the  compounds  of  peroxyde  of  platinum,  and  that* 
of  perchioride  of  platinum,  redden  litmus  paper;  *but  the  com- 
pounds which  perchioride  of  platinum  forms  with  o(her  chlorides 
do  not  alter  the  colour  of  blue  litmus  paper. 

*  In  order  to  ascertain  the  presence  of  platinum  in  the  com- 
pounds of  that  metal  whidi  are  insoluble  in  water,  the  peroxyde 
or  the  perchioride  of  platinum  must  be  reduced  into  metallic 
platinum  by  ignition.  The  metallic  platinum  is  then  to  be 
dissolved  in  aqua  regia^  and  by  means  of  the  above-mentioned 
re-agents^  platinum  may  easily  be  detected  in  the  solution. 

Before  the  blow-pipb,  compounds  of  platinum  are  easily 
reduced,  and  communicate  no  colour  to  the  flux. 

Compounds  of  peroxyde  and  of  perchioride  of  platinum  arc 
very  easily  recognized  in  their  solutions^  and  distinguished  irom 
erery  other  substance^  by  their  behavioQr  towards  potash  and 
ammonia.  When  the  solution  of  platinum  in  aqua  regia  is  very 
add,  it  is  sufficient  to  add  some  pure  potash,  or  carbonate  of 
potash,  or  ammonia,  to  produce  the  characteristic  yellow  preci- 
pitate ;  when  the  solution  is  neutral,  a  concenti'ated  solution  of 
chloride  of  potassium,  or  of  muriate  of  ammonia,  should  be 
poured  in  it,  or  else  the  liquor  may  be  rendered  slightly  add  by 
addition  of  muriatic  add. 

The  presence  of  non-volatile  organie  .substances,  pro\'ided 
they  be  not  too  abundant,  in  the  solution  of  platinum,  does  not 
hinder  the  formation  of  the  yellow  predpitate  by  potash ;  but  if 
the  quantity  of  organic  matter  is  too  large,  the  liquor  in  which 
potash  has  been  poured  becomes  quite  black  by  long  standing, 
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iiiul  tlieu  the  production  of  the  potassio-clilonde  of  platinum  is 
difficult  to  see.  When  the  solution  of  a  compound  of  percldoride 
of  platinunij  oontainiug  alcohol^  has  been  exposed  to  a  prolonged 
digestion  at  a  gentle  heat,  so  as  to  evaporate  nearly  all  the 
alcohol^the  aqueous  liquor  which  then  remains  yields,  by  adding 
solution  of  cyanuret  of  mercury,  a  bulky  white  precipitate,  if 
not  immediately,  at  least  after  a  time,  and  by  long  standing  this 
precipitate  becomes  still  more  abundant.  Considering  that 
solutions  of  platinum  which  contain  no  organic  matter  yield  no 
precipitate  by  cyanukbt  or  mbecvrt,  platinum  might  be  con- 
founded with  palladium.  But  if,  after  having  dried  the  preci- 
pitate, it  be  ignited,  it  becomes  converted  into  metallic  platinum, 
which,  being  dissolved  in  aqua  regis,  may  be  easily  detected  as 
such  by  means  of  the  re-agents. 

*  When  platinum  is  precipitated  in  an  extremely  divided 
state  from  solutions  which  contain  organic  substances,  it  fbrms 
the  substance  known  as  cthiops,  or  platinum  black,  which  is 
identified  by  the  property  which  it  possesses,  of  rapidly  con- 
verting alcohol  into  acetic  add,  in  contact  with  the  air. 

28.  OXYDES  OF  PALLADIUM. 

[l".  PBOTOXYDE  OP  PALLADIUM,  PdO,] 

{fixyde  PcUladeux.) 

*  Hydbate  of  protoi^de  of  palladium  is  dark-brown ;  when 
heated  it  loses  its  water,  and  becomes  black.   A  solution  of 

protoxyde  of  palladium  is  produced  when  palladium  is  treated 
by  nitric  acid,  in  w  hich,  however,  it  is  ratlier  difficultly  soluble. 
The  corresponding  protochloridc  of  palladium  is  formed  when 
the  metal  is  treated  by  aqua  regia,  in  which  it  may  be  pretty 
easily  dissolved.  The  solution  has  a  reddish-brown  colour* 
and  in  this  respect  resembles  that  of  perchloride  of  platinum, 
but  is  much  darker.  Solution  of  protochloridc  of  palladium, 
when  £i*ee  from  bichloride  of  palladium,  behaves  towards  some 
re-agents  in  a  different  manner  from  that  of  palladium  in  nitric 
add. 

^  A  solution  of  potash  produces  in  the  solutions  of  protoxyde. 
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and  of  protochloridc  of  palladium,  an  abundant  brownish- 
yellow  precipitate^  wbich  is  a  subsalt^  soluble  in  an  ezoeos  of 
alkali. 

*  AMMOiriA  prodacei  no  precipitate  in  solution  of  nitrate  of 
protoxyde  of  pfdladium^  but  an  excess  of  that  alkali  renders  it 
coloiu-less.  In  solutions  of  protochloride  of  palladium  ammonia 
determines  an  abimdaut  flesh-coloured  precipitate^  which  is  an 
ammonio-chloride  of  palladium,  insoluble  in  a  large  escess  of 
the  precipitant,  at  least  immediately;  for  by  long  standing  the 
mixture  completely  dissolves,  and  becomes  colourless;  if  it 
retains  a  bluish  tinge,  it  is  generally  a  proof  that  the  solution 
of  protochloride  of  palladium  contained  protoxyde  of  copper. 

*  A  solution  of  cakbonatb  of  potash  produces  in  solutions 
of  protosalts  of  palladium  a  brown  precipitate  of  hydrated  pro- 
toxyde of  palladium,  soluble  in  an  excess  of  the  re-agent ;  but 
if  the  whole  he  boiled,  the  liquor  first  assumes  a  dark  colour, 
and  then  deposits  a  brown  precipitate 

*  A  solution  of  bicarbonate  of  fotabh  produces  in  solutions 
of  protosalts  of  palladium  a  brown  precipitate,  soluble  in  an 
excess  of  the  re-agent. 

*  A  solution  of  carbonate  of  soda  produces  in  solutions  of 
protosalts  of  palladium  a  brown  precipitate  of  protoxyde  of 
palladium,  slightly  soluble  in  an  excess  of  the  re-agent.  If 
muriatic  add  be  added  to  dissolve  the  precipitate,  an  excess  of 
solution  of  carbonate  of  soda  poured  in  the  liquor  gives  no 
precipitate ;  but  if  the  whole  be  boiled  the  liquor  at  first  assumes 
a  dark  tin^e,  and  then  deposits  a  brown  precipitate. 

*  A  solution  of  caabonaib  of  ammonia  behaves  like 

  a 

ammonia* 

*  A  solution  of  phosfhatb  of  sopa  creates  a  brown  preci- 
pitate in  solutions  of  protosalts  of  palladium. 

*  A  solution  of  OXALIC  acid  does  not  produce  any  precipitate 
insolations  of  ])i'otosalts  of  palladium, provided  theybeas  neutral 
as  possible.   The  solution  of  a  neutral  alkaline  oxalate  produces 

'  B<  ivaIiu^  S.IVH  that  tlu'  predpitation  hy  parbonatc  of  potash  or  soda,  ia 
atrcoinpauicd  with  a  duiengaguiucut  of  carbonic  acid. — £d. 
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ft  brownish-yellow  precipitate  in  neatral  eohitions  of  protosalts 

of  palludiiim. 

*  A  solution  of  FEanocTANUftET  OF  POTASSIUM  at  first  pro- 
duces no  cbaage  in  solutions  of  protosalts  of  paUadium,  bat 
after  a  time  a  tbick  and  firm  jelly  is  determined. 

*  A  solution  of  fbbricyanurit  of  totassiuh  does  not  produce 

aii\  immediate  precipitate,  but  after  a  time  it  also  forms  a  jelly. 

*  A  solution  of  cyanuret  of  mercury  produces,  in  solutions 
of  protosalts  of  palladium^  a  gelatinous  yellowish-white  precipi- 
tate, which,  by  standing,  becomes  ahnost  completely  white. 
This  precipitate  is  soluble  in  an  excess  of  muriatic  add.  When 
the  solution  of  protosalts  of  palladium  is  slightly  acid,  the  pre- 
cipitate which  cyanuret  of  mercury  forms  does  uot  appear, 
except  after  a  long  time. 

*  A  solution  of  subniteatb  of  mbbcvbt  does  not  produce 
any  precipitate  in  solutions  of  protoxyde  of  palladium ;  but  it 
yields  an  abundant  black  precipitate  in  those  of  protoeUoride  of 
palladium. 

*  A  solution  of  protosulpuate  of  iron  produces  no  pre- 
cipitate in  somewhat  diluted  solutions  of  protosalts  of  palladium ; 
but  it  determines  a  slight  precipitate  of  a  black  odour  when 
tiiese  solutions  are  conc^trated. 

*  pRoTocHLORT  i)L  (JF  TIN  foHus  a  black  mctalUc  precipitate 
in  solutions  of  protosalts  of  palladium,  and  the  supernatant 
liquid  has  a  beautiful  dark-green  colour. 

*  A  solution  of  lODiDB  OF  FOTASsiUM  produocs  a  black  preci- 
pitate in  solutions  of  protosalts  of  palladium,  and  the  liquor 
becomes  dark. 

*  Aqueous  solution,  or  a  current  of  sulphuretted  hydrogen 
GAS,  produces  a  black  precipitate  of  snlphuret  of  palladium  in 
neutral  or  acid  solutions  of  protosalts  of  palladium. 

*  Htdbosulfhubbt  of  ammonia  produces  also  a  black  pre- 
cipitate of  snlphuret  of  palladium,  insoluble  in  an  excess  of  the 
re-agent. 

*  A  bar  of  metallic  zinc  precipitates  metallic  palladium  from 
its  solutions  under  the  form  of  a  black  powder. 
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*  Most  of  the  compounds  of  palladium,  like  those  of  plati- 
uum,  are  decomposed  by  exposure  to  a  red  lieiit. 

*  And  as  the  compounds  of  palladium^  which  are  insoluble  in 
water,  undergo  the  same  sort  of  deounpositionj  the  presence  of 
paDadinm  may  be  easily  detected  by  dissolving  in  aqua  regia 
the  metal  which  has  been  reduced  by  ignition,  and  then  testing 
the  solution  with  the  proper  re-agents. 

*  The  best  method  to  recognize  the  presence  of  palladium 
in  solutions  consists  in  its  behaviour  towards  ctanvbxt  op 
MBBCVBT,  which  le-ageut  more  especially  distinguishes  it  firom 
solution  of  perchloride  of  platmum,  with  which  it  might  be 
confounded  on  account  of  the  colour  of  the  solution.  It  is, 
however,  necessary  to  observe  that,  in  some  cases,  solution  of 
perchloride  of  platinum  may  also  be  precipitated  by  cyanuret 
of  mercury  (page  162) ;  but  after  all  it  is  easy  to  separate  pal- 
ladium in  the  metaUic  state  from  its  compounds,  and  then  it 
may  be  very  easily  distinguished  from  the  other  metals  which 
resemble  it  by  the  methods,  of  which  we  will  speak  further  on. 

*  The  presence  of  non- volatile  oboanic  substances  prevents 
potash  from  precipitating  protoxyde  of  palladium  from  its 
solutions;  but  does  not  iniluencc  the  action  of  cyanuret  of 
mercury 

2^  PEROXYDE  OF  PALLADIUM,  PdO,. 

£OEUTO.\TDK  OP  PALLADIUM.] 

{Oseyde  Pattadiqm.) 

*  Bbbsblivs  was  the  first  who  experimentally  demonstrated 

the  existence  of  this  oxyde.  The  corresponding  perchloride  of 
palladium  is  contained  in  small  quantity  in  the  aqua  regia  solu- 
tions of  palladium^  but  when  these  solutions  are  heated  for  a 
long  time^  all  trace  of  it  commonly  disappears.  With  chlohde 
of  potassium^  and  with  muriate  of  ammonia^  it  forms  compounds 
which^like  the  corresponding  solutions  of  perchloride  of  platinum, 
are  very  sparingly  soluble  in  water  and  in  alcohol,  and  have  a 

*  The  neutral  solutions  of  nitrate  of  protoxvdr  of  palln<linm  art  precipitated 
jcUow  bj  ntntral  phosphates,  arseniatea,  oxalates,  tartrates,  and  ciuulos. — Eo. 
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cinnabar  or  brownish-red  colour.  Solution  of  percMoride  of 
palladium  is  dark-brown.  "When  this  solution  is  heated,  chlo- 
rine is  disengaged,  and  protochloride  of  palladium  is  formed. 
This  characteristic  test  may  easily  be  resorted  to  for  the  purpose 
of  distinguishiiig  it  from  perchloride  of  platinum^  and  from  per- 
chloride  of  iridium^  which  it  resembles  in  point  of  colour, 

29.  OXYDES  OF  RHODIUM. 

V.  PROTOXYDE  OF  RHODIUM,  RO. 

{Oa^ydc  JUioikiu.) 

*  PvRB  protoxyde  and  protochloride  of  rhodium  are  as  yet 
almost  unknown.  Berselius  has  found  them  combined  with 
peroxyde  and  perchloride  of  rhodium. 

3».  PEROXYDE  OF  RHODIUM,  R.0,. 

[sESqi'IOXTOB  OF  1t]im»IVM.] 

(Oxyc/t  lUiodiquc.) 

*  Peiioxyde  of  rhodium  is  black.  Hydrate  of  peroxyde  of 
rhodium  obstinately  retains  its  water,  or  parts  with  it  only 
by  a  prohmged  ignition  i  it  has  then  a  greyish*green  colour. 
Peroxyde  of  rhodium  is  formed  when  rhodium  mixed  with  pk- 

tiiium  is  (lissulved  in  aqua  regia,  rhodium  alone  being  insoluble 
in  that  re-agent.  It  is  likewise  formed  when  finely  divided  rho- 
dium is  mixed  with  potash  and  a  little  nitre,  and  the  mixture 
subjected  to  an  incipient  red  heat.  Lastly,  peroigrde  of  rhodium 
is  always  produced  by  a  prolonged  ignition  of  rhodium  in  eon- 
tact  with  the  air.  In  sucli  a  case,  liowcvcr,  it  contains  some 
protoxyde  of  rhodium.  Peroxyde  of  rhodium  is  reduced  into 
metaUie  rhodium,  when  it  is  heated  with  substances  which 
contain  charcoal,  or  when  treated  by  hydrogen  gas.  Ignition 
renders  it  insoluble  in  acids;  its  solubility,  howerer,  may  be 
restored  by  fusing  it  with  bisulphate  of  potash  in  a  platinum 
crucible,  and  treating  the  fused  mass  by  water.  This  fused 
mass  has  a  reddish  colour,  but  when  quite  cold,  it  appears 
yellow.  The  solution  is  yellow.  Ehodium  may  also  be  dissolved 
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in  the  same  way '.  Fischer  asserts  that  it  may  likewise  be 
disaolved  by  faaxm  with  superphosphates^  or  with  phosphoric 
add. 

*  Perchknride  of  rhodium  form  soomponnds  of  a  pmk  eolonr  * 

with  alkaline  chlorides.  These  compounds  are  insoluble  in 
water,  and  their  solutions  are  pink.  When  hydrated  peroxyde 
of  rhodium  is  dissolved  in  muhatic  acid,  the  solution  has  a 
yellow  colomv  and  becomes  red  only  by  boiling  or  evaporation 
to  dryness.  The  sulphuric  acid  solution  of  hydrate  of  peroxyde 
of  rhodittm  is  likewise  yellow,  but  by  adding  some  muriatic  acid 
to  it,  and  evaporating  the  whole,  the  liquor  becomes  redder,  and 
its  solution  in  water  gives  a  liquid  which  is  pink,  and  is  not 
rendered  yellow  by  the  further  addition  of  any  quantity  of  water 
whatever. 

*  Solutions  of  salts  of  peroxyde  of  rhodium,  or  of  the  oombi- 

nations  of  pcrchloride  of  rhodium,  behave  as  follows  towards 
re-agents : — 

*  A  solution  of  POTASH  produces  no  precipitate,  but  by  boiling 
a  yellowiBh*biown  jelly  is  formed^  which  is  hydrate  of  peroi^de 
Off  rhodium* 

*  Ahmonia  determines,  after  a  time,  an  abundant  yellowish 

precipitate  of  rhodate  of  ammonia,  completely  soluble  in  dilute 
muriatic  acid.    Such  a  solution  has  a  yellow  eolonr. 

*  A  solution  of  carbonati  ov  potash  at  first  does  not  form 
any  prec^itate^  but  alter  a  thne^  a  yellowish  one  is  produced, 
which  is  hydrate  of  peroxyde  of  rhodium. 

*  A  solution  of  CAasoNATS  of  soda  behaves  in  the  same 
manner. 

*  A  solution  of  carbonatb  or  ammonia  produces  no  imme- 
diate precipitate^  but  after  a  very  long  time;^  a  yellowish  predpi. 
tate  of  rhodate  of  ammonia  is  formed. 

*  A  solution  of  phosvhatx  ov  soda  does  not  form  any  pre- 
cipitate in  solution  of  peroxyde  of  rhodium. 

*  Aeeoffdiiig  to  Bfln«tta%  nwtalMo  rfaodhua  may  be  diaMlv«d  by  ftuioii  in  bind- 
phatc  of  potaflb,  aod  sulphurooB  add  gM  is  disengaged  ditring  the  reaction.— Ed. 

3  The  metal  receiTad  ill  iiMiift  in  aXbamon  to  tbo  pinli  oolonr  of  tbio  petcbknido 
(^Mor,  a  roue.) — £d. 


158 


OXTDBS  OF  RHODItTM. 


*  \  solution  of  OXALIC  acid  produces  no  precipitate. 

*  A  solution  of  fbrboctanubst  ov  potassium^  nothing. 

*  A  solution  of  fereictanu&bt  or  potassivm,  nothing. 

*  A  solution  of  pbotosvlpratb  op  iron,  nothing. 

*  A  solution  of  protochloride  of  tin  renders  the  red  solu- 
tion of  peroxyde  of  rhodium  of  a  dark-brown  colour^  but  no  pre- 
cipitate is  formed. 

*  A  solution  of  iodidb  of  potassium  produces  a  very  dark 
colour,  and  ultimately  produces  a  slight  precipitate. 

*  An  aqueous  solution,  or  a  current  of  suli'huretted  hydro- 
gen GAS,  produces  no  immediate  precipitate,  but  in  time  a  brown 
precipitate  of  sulphuret  of  rhodium  takes  place,  though  the 
supernatant  liquor  is  not  discoloured  \ 

*  Hydrosvlphurbt  of  ammonia  produces  a  brown  precipi- 
tate of  sulphuret  of  rhodium^  insoluble  in  an  excess  of  the 
re-agent. 

*  A  bar  of  metallic  zinc  precipitates  rhodium  from  its  solu- 
tion in  the  metallic  state,  and  under  the  form  of  a  black  powder 
which  enfilms  the  sine. 

*  Solutions  of  peroxyde  of  rhodium  are  recognised  by  the 

pink  colour  which  they  acquire,  wlien  after  addition  of  muriatic 
acid  they  are  evaporated  to  dryness,  and  the  residuum  dissolved 
in  water.  Their  behaviour  towards  «>llc<iUft««  especially  towards 
ammonia,  distinguishes  solutions  of  peroxyde  of  rhodium  from 
those  of  platinum  and  of  other  substances.  In  the  solid  state, 
rhodium  may  be  easily  detected  in  its  compounds,  by  the  property 
which  they  possess  of  becoming  reduced  into  metallic  rliodinm 
when  heated  in  an  atmosphere  of  hydrogen  gas.  The  rhodium 
thus  reduced  is  insoluble  in  aqua  regia,  but  soluble  by  fusion  in 
bicarbonate  of  potash;  wherefore  if  a  little  of  the  reduced 
rhodium  be  mixed  with  some  bicarbonate  of  potash,  and  if  the 
mixture  be  then  introduced  in  a  ^tronjr  ^^lass  tube,  closed  at  one 
end,  and  heated  upon  a  spirit  lamp  with  a  circular  wick,  the  pre- 
sence of  rhodium  may  be  rendered  manifest  by  the  colour  of 

'  By  heating  the  SQltrtkm  of  salts  of  rhodium  in  oonjtiDCti<m  with  liquid  sul- 
plmretted  bjrdrogsn,  m  loniMduUe  bl«ekiah-brown  pveeipitKta  is  daleniiiiied. — £o. 
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the  fused  mass^  which,  after  coolings  is  yellow.  Amongst  the 
metals  called  noble^  palladinm  and  silver  toe  the  only  ones  besides 
riiodimn,  whieli  are  dissolved  by  fiuion  with  bicarbonate  of 
potash^  but  rhodium  can  hardly  be  confounded  with  them. 

30.  OXYBES  OF  IRIDIUM, 
r.  PROTOXYDE  OF  IRIDIUM,  IrO. 

(Oxt/de  Tridmx.) 

*  P&OTOXYDE  of  iridium  is  black  ;  when  it  has  been  prepared 
in  the  dry  way^  adds  have  scarcely  any  action  upon  it.  Hydrate 
of  protozyde  of  iridium  is  greyish-green,  soluble  in  adds^  to 
which  it  communicates  a  green  colour.  Protochloride  of  iridium 
is  almost  insoluble  in  water,  in  acids,  and  even  in  aqua  regia;  it 
is  decomposed  by  exposure  to  a  dark  red  heat. 

2^  SESQUIOXVDE  OF  IRIDIUM,  Ir.O,. 
{Oxjfde  Sunridciuc.) 

*  SssQiTioxTDx  of  iiidtom  is  a  fine  black  powder,  and  it  is 
tins  ozyde  whidi  is  generally  formed  both  in  the  dry  and  in  the 
humid  way.  It  is  insoluble  in  acids,  even  after  having  been 
fused  with  ])isiilp}iato  of  ])ot}\sh.  It  is  o])tained  by  mixing 
potassio-chloride  of  iridium  with  carbonate  of  potash  or  of  soda, 
and  exposing  the  miztore  to  a  slight  red  heat,  lixiviating  the 
salme  mass  with  water,  during  which  operation  it  does  not 
dissolve,  but  is  easily  washed  away  througli  the  filter,  and  thus 
forms  a  turbid  liquid  of  a  bluish-{i;rcen  coloiir,  ^vhich  deposits 
the  sesquioxyde  of  iridium  when  solution  of  common  salt 
is  poured  in  it.  Sesquioxyde  of  iridium  is  also  produced  when 
iridium  is  heated  with  pure  potash  and  nitrate  of  potash,  though 
the  presence  of  nitre  is  useless  when  the  operation  is  performed 
in  contact  with  the  air.  The  fused  compound  dissolves  pju^ly 
in  water,  to  which  it  communicates  a  deep  yellowish-brown 
colour.  This  solution,  however,  is  easily  decomposed,  especially 
when  very  dilute.  Sesquioxyde  of  iridium  is  reduced  by  a  strong 
white  heat,  but  the  reduction  may  be  effected  even  at  the 
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oidinaiy  temperatnie  by  a  current  of  hydrogen  ga8^   A  dark 

red  heat  is  not  sufficient  to  decompose  it.  Mixed  and  heated 
with  combustible  substaucesj  it  is  decomposed  with  a  smart 
detonation.  This  ozyde  i^pears  to  be  the  highest  degree  of 
oxydisation  of  iridium,  which  may  be  obtained  in  the  dry  way. 

The  corresponding  sesquichloride  of  iridinm  is  of  difficult 
formation,  on  account  of  the  iusoluljility  of  sesquioxydc  of 
iridium  in  muriatic  acid.  The  sesquioxide  of  iridium  produced 
by  fdsion  with  nitre,  is  soluble  in  muriatic  acid,  after  digestion 
of  the  fnsed  mass  in  nitric  acid :  the  solution  has  a  very  dark 
brown  colour. 

Z\  DEUTOXYDE  OF  IRIDIUM,  IrO,. 

(JJxyde  Jriilique.) 

*  Tbb  deutoxyde  of  iridium  and  the  bichloride  of  iridium  are 
the  most  important  combinations  of  all  the  oxydes  and  chlo- 
rides of  that  metal.  Deutoxyde  of  iridium  could  not,  how- 
ever, as  yet  be  isolated,  because  it  is  very  soluble  in  alkalies, 
which  consequently  cannot  precipitate  it  from  its  solutions. 
Deutochloride  of  iridium  is  produced  when  iridium  combined 
with  platinum  is  heated  in  aqua  regia;  the  add,  howerer,  dis- 
solves only  a  small  quantity  of  iridium,  which  alone  is  insoluble 
in  that  acid.  The  easiest  method  of  obtaiuiiig  compounds  of 
deutochloride  of  iridium  with  other  metallic  chlorides  consists, 
according  to  Berzelius,  in  wiTiwg  the  metallic  chloride  with 
yery  finely  dirided  iridium,  and  exposing  the  mixture  in  an 
incipient  red  heat  to  the  action  of  a  cuirent  of  chlorine  gas. 

*  Solutions  of  deutochloride  of  iridium,  and  of  its  combina- 
tions with  other  metallic  chlorides,  even  when  verj'  dilute, 
have  a  very  deep  rod  colour,  with  a  tint  of  brown.  When  the 
liquor  is  concentrated  it  appears  almost  entirely  opaque. 

*  Most  of  the  combinations  of  deutochloride  of  iridium  with 

*  Tliis  reductuo  of  sesquioxyde  of  iiidinm  by  hydrogen  gaa  at  the  ordinar}' 
temperatiire,  appears  to  be  oxv-ing  to  the  property  of  eflecting  the  combination  of 
the  hydrogen  with  the  oxygen  of  the  air,  during  which  reaction  it  becomes  hot 
enough  to  bo  reduced  by  the  hydrogen.  This  action  ia  similar  to  that  of  spongy 
platinum. — Ed. 
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other  metallic  chlorides  are  very  sparingly  soluble  in  water. 
Such  are^  for  example^  those  wliich  it  forms  with  chloride  of 
potaaahun  or  muriate  of  aminonia.  Stilly  tb^  are  more  soluble 
tlian  the  oorreBponding  combmatioiis  of  perdiloride  of  pla* 
tiDom,  and  they  behave  as  follows  towards  re-agents. 

*  An  excess  of  solution  of  potash  either  immediatelv  dis- 
colours  them^  or  converts  the  dark  colour  of  their  solution  into 
a  slightly  greenish  colomr,  daring  which  change  only  a  very 
slight  trace  of  a  brownish-black  precipitate  is  prodnoed.  When 
such  a  dear  solution  is  heated^  a  very  trifling  change  only  is 
at  first  ordinarily  perceivable,  but  if  it  be  left  at  rest  after 
having  been  thus  heated^  it  begins  to  assume  a  blue  colour. 
This  blue  colour,  which  is  owing  to  a  combination  of  the  two 
o^des  of  iridium,  gradually  becomes  more  intense  from  the 
sni&ee^  where  it  is  in  contact  with  the  atmosphere^  down- 
wards. It  somewhat  resembles  that  of  a  solution  of  protoxyde 
of  copper  ill  jiminoiiiu ;  yet  it  has  a  slight  tinge  of  purple, 
which  is  better  observed  before  the  liquor  has  become  too 
dark.  K  the  blue  solution  be  evaporated^  a  small  quantity 
of  blue  piecqntate  is  separated;  but  the  dry  mass  is  white, 
with  a  greenish  tinge.  When  treated  by  water,  there  remains 
a  blue  powder,  and  the  supernatant  liquid  is  colourless. 

*  An  excess  of  ammonia  poured  in  these  solutions  likewise 
discolours  them  immediately,  absolutely  as  solution  of  potash, 
and  produces  but  a  trace  of  a  brownish-black  precipitate.  By 
a  prolonged  boiling,  so  as  almost  entirely  to  dissipate  the  excess 
of  ammonia,  the  solution  begins  to  assume  a  blue  colour,  but 
which  is  not  so  pure  as  that  produced  by  potash  in  dcutochlo- 
ride  of  iridium.  The  colouring  is,  however,  more  successfully 
produced  by  exporing  the  dear  ammoniacal  solution  to  the 
atmosphere  in  a  shaDow  vessel.  In  proportion  as  tiie  excess  of 
ammonia  evaporates,  a  blue  precipitate  gradually  appears,  and 
the  blue  colour  is  at  the  same  time  developed. 

*  A  solution  of  cabbonate  op  potash  produces  at  first, 
in  solutions  of  the  combinations  of  deutochloride  of  iridium, 
an  abundant  precipitate  of  a  brownish-red  colour,  which  is 
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gradually  uud  spontaneously  dissolved,  tlie  liquor  at  the  samo 
time  becoming  colourless,  exactly  as  is  the  case  with  pure  potash 
or  ammonii^  and  only  a  trace  of  a  blackish-broim  precipitate 
Hkewiae  remaiDS.  If  the  dear  adlntiou  be  boiled^  it  doei  not 
tlimby  aMnme  a  bine  ooloiir.  When  eyaporated  to  diynem, 
the  residuum,  being  treated  by  water,  leaves  a  small  quantity 
of  a  blue  powder,  and  alter  a  time  the  liquor  becomes  blue. 

*  A  solntion  of  bicarbonatb  of  potash  does  not  at  first 
determine  any  change  in  solutions  of  the  compounds  of  deuto- 
chloride  of  iridinm,  bnt  after  a  time  they  become  discolonred, 
as  when  they  are  treated  by  potash  or  ammoniai  but  they  yield 
no  precipitate. 

*  A  solution  of  carbonate  of  soda  discolours  them  as  solu- 
tions of  potash  and  ammonia  do.  When  boiled,  the  liquid  does 
not  at  first  turn  bhiOi  but  after  a  time  it  takes  a  blue  tinge. 

*  A  solution  of  carbonatb  ov  ammonia  does  not  at  first 
produce  any  change  in  solutions  of  compounds  of  deutochloride 
of  iridium,  but  after  a  time  it  discolours  them. 

*  A  solution  of  fhosphatb  or  soda  at  first  does  not  cause 
any  changOj  but  in  course  of  time  these  solutions  become  dis- 
coloured or  assume  a  dightly-greenish  tinge. 

*  A  solution  of  oxalic  acid  does  not  produce  finy  alteration 
in  the  first  moment,  but  after  a  time  the  solutions  become 
completely  discoloured. 

^  A  solution  of  fbeboctanvrbt  of  povassiuii  immediately 
discolours  the  solutions  of  the  compounds  of  deutochloride  of 

iruliiini. 

*  A  solution  of  ferricyanubet  of  potassium  produces  uo 
alteration,  even  after  a  long  time. 

*  A  solution  of  ctanvbbt  of  mbrcubt,  nothing. 

*  A  solution  of  svbnitbatb  of  hbbcdbt  gives  a  light-brownish 

precipitate. 

*  A  solution  of  PROTOSULPHATE  OF  IRON  discolours  thc  solu- 
tions of  the  compouTuls  of  deutochloride  of  iridium,  but  produces 
no  precipitate.  Yet  after  a  pretty  long  time  a  dingy  greeuish 
psecipitate  ia  formed. 
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*  P&OTOCULORiDE  OF  TIN  produces  a  Ught-brownish  preci- 
pitttte. 

*  A  aolntton  of  iodivb  ov  fotamium  from  the  first  diBcolonra 
the  solutions  of  the  oompoimds  of  dentochloride  €i  iridium^  but 

produces  no  precipitate. 

*  An  aqueous  solution^  or  a  current  of  sulfuuubtted 
HTDBOGiN  OAS,  at  once  diftcoloiin  the  neutral  and  the  add 
solutions  of  the  combinations  of  dentochloride  of  iridium; 
after  a  time,  a  brown  precipitate  of  sulphuret  of  iridium  is 
fori  lied. 

*  Uydrosulphuret  op  ammonia  produces  iu  the  solutions 
of  the  compounds  of  deutochloride  of  Iridium  a  brown  preci- 
pitate of  sulphuret  of  iridium^  completely  soluble  in  an  escess 
of  the  re-agent.  When  such  a  solution  is  decomposed  hy  muriatio 
acid,  brown  sulphuret  of  iridium  is  deposited. 

*  A  bar  of  metallic  zinc  plunged  in  a  solution  of  deuto- 
chloride of  iridium  precipitates,  though  incompletely,  iridium 
in  the  metallic  state  under  the  form  of  a  black  powder. 

*  The  compounds  of  deutozyde  and  of  deutochloride  of  iridium 
are  decomposed  by  exposure  to  a  red  heat. 

4\  PEROXYDE  OF  IRIDIUM,  Ir  O,. 

(Oj-yde  Suriridique.) 

*  Hydrated  peroxyde  of  iridium  is  brownish  when  dissolved 
in  muriatic  acid ;  the  liquid  is  yellow,  but  becomes  red  when  it 
is  enqporated.  Peichloride  of  iridium  has  so  much  resemblance 
with  perchloride  of  riiodium,  that  Berselius  thinks  that  a 
chemist  migfat  be  excused  for  confounding  the  one  with  the 
other. 

*  The  solutions  of  iridium,  which  ordinarily  contain  deut- 
oxyde  or  deutochloride  of  iridium,  and  the  colour  of  which 
solutions  is^  in  such  cases,  of  a  dark  brownish-red  rarely  green, 
when  they  contain  protochloride  of  iridium,  cannot  be  con- 
founded with  any  of  the  substances  which  have  been  hitherto 
treated  of,  reference  being  had  to  their  behaviour  towards  the 
alkalies,  more  especially  with  solution  of  potash,  and  also  on 
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account  of  the  facility  with  which  tlie  combinations  of  iridium 
are  decomposed  by  hydroofcu  gas,  and  lastly,  by  reason  of  the 
.  insolubility  of  metallic  iridium  in  aqua  legia.  Thejr  may  be 
distingnished  firom  tbe  solutions  of  peroxyde  of  rhodinm,  which 
resemble  much  those  of  peroxyde  of  iridium,  by  evaporating  to 
dr}me8s  and  reducing  the  dry  mass  by  a  current  of  li\  (bogcn 
gas,  and  fusing  the  metal  thus  obtained  with  bisulphate  of  pot- 
ash. Thus  treated^  iridium  passes  into  the  state  of  sesquioxyde 
of  iridium^  which^  howeveri  does  not  dissolve  in  the  sal^  and 
communicates  no  colour  to  it,  whilst  rhodium  does.  The  reduced 
metal  may  also  be  mixed  with  chloride  of  potassium,  and  the 
mixture  treated  in  a  current  of  gaseous  chlorine,  by  wliich 
means,  if  any  iridium  be  present,  potassio-chloride  of  iridium  is 
obtained,  which  has  a  blackish-brown  colour,  which  in  powder 
is  reddish-bfown,  whilst  potassio-chloride  of  rhodium  has  a  pink 
colour. 

81.  OXYDES  OF  OSMIUM. 

r.  PROTOXYDE  OF  OSMIUM,  OaO. 
{Oxyilc  Odtniciuc.) 

*  Protoxyde  of  osmium  has  much  resemblance  with  protoxydc 
of  iridium,  but  most  materially  differs  firom  it  in  tliis,  that  when 
heated  in  contact  with  the  air,  it  produces  pearoxyde  of  osmium 
(osmic  acid),  which  is  volatile,  and  has  an  extremely  disagreeable 
odotir',  and  which  powerfully  attacks  the  eyes  and  nose.  TMien 
heated  in  close  vessels,  no  peroxyde  of  osmium  is  formed'. 
Berselius  is  the  only  chemist  who  has  as  yet  separated  protoxyde 
of  osmiuuL  The  corresponding  protodbloride  of  osmium  is 
green,  and  can  be  sublimed*.   It  is  soluble  in  water,  but  is 

*  The  odour  hn  by  some  been  oompared  to  that  <tf  dilorine  and  <rf  chlorido  of 
Bulpfanr,  and  provokes  ooogliiQg.^ — Ed. 

*  Heated  in  doae  yeaaola,  hydiated  protoxyde  of  oBiuium  gives  ufi*  water,  but  does 
not  sublime,  nor  does  it  disengage  oxygen.  Heated  with  combustible  bodies,  it 
detonates,  and  there  is  reduction  of  osmium.  Hydrogen  gas  reduoee  it  at  the  ordi- 
nary' temperature,  water  is  formed  and  heat  evolved.—  En. 

^  The  colour  of  the  solution  of  protochloride  of  osmium  is,  according  to  licr- 
meSmt  tt  a  femariiaLl^  liue  green,  but  only  in  ymy  coneailialed  aohrtiani^  Ibr 
when  a  laiger  qnaatity  of  water  is  added  Uimi  ia  neeeaaary  to  ko^  tiie  diloride  in 
aohitioo,  tiie  Hqaor  beeomea  twUd,  and  tiiera  ia  ledvction  of  oanninm.   A  large 
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thereby  decomposed,  the  result  being  peroxyde  of  osmium, 
which  the  water  cUflaoives,  and  metallic  osmium^  which  is  depo* 
sited,  whilst  at  the  same  time  muriatic  add  is  set  free.  Proto- 
chloride  of  osmium  enters  into  combination  with  other  metallic 

clilondus. 

2'.  SiiSQUlUXYDE  OF  OSMIUM,  08,0,. 

{Oxyde  SiusosviicHJC.) 

*  Sesquioxyde  on  OSMIUM  is  formed  by  dissolving  peroxyde 
of  osmium  in  ammonia.  The  product  of  the  reaction  is  a 
dark  brown  compound  of  sesquioxyde  of  osndum  and  ammonia 
[and  of  water*],  which,  when  boiled  with  solution  of  potash, 

and  subseciucntly  wjished,  detonates  strongly.  Sesquioxyde  of 
osmium  is  soluble  in  muriatic  acid,  and  the  solution  bears  some 
resemblance  with  solutions  of  sesquioxyde  of  iridium  in  adds. 

8*.  PEUTOXYDE  OF  OSMIUM,  OaO,. 

*  Deutoxyde  of  osmium  is  black.  The  corresponding  deuto- 
chloride  of  osmium  is  obtained  by  mixing  metallic  osmium  with 
chloride  of  potassium,  and  heating  the  mixture  in  chlorine  gas 
to  incipient  redness.  The  combination  has  a  red  colour ;  the 
solution  is  yellow.  When  such  a  solution  is  boiled  with  sulphuric 
acid,  the  dis<agreeablc  odour  of  pcroxyde  of  osmium  is  evolved. 

*  The  solution  of  pure  deutochloride  of  osmium,  that  is,  un- 
mixed with  chloride  of  potassium  or  other  metallic  chlorides^  is 

qiiAntity  of  water  at  once  ^•eohmn  the  aotaitioD,  and  the  reducod  omiuin  is 

dc  poH  i  tt'd .  —  En. 

'  Benuiliiu  sa^s  tliat  Ujo  li(^uor  obtained  by  supersatvirating  pcroxyde  of  osmium 
witti  aauBOoift  k  of  a  goMen  jfeDow  colour :  by  expoeiiig  it  to  a  temporatare  of  from 
4>  40*  to  >!•  60*  omtlgnido  nitv^gcn  gas  !■  rrolved,  the  Bqiior  beeomeo  Uaddali* 
linnni,aiid  a  portfam  ofMoqnioxyde  of  oraiom  la  depoatedybat  the  graalaot  port  of 

it  remaint  disBolred  in  the  ammonia,  and  ia  precipitated  oolj  during  tlio  ovapom* 
tMD.  The  oxyde  thus  obtaiticd  is  black,  and  after  dcssication,  blackish-brown.  It 
m  a  combination  of  sesquioxyde  of  osmium,  ammonia,  and  water.  If  hpatc<l,  it 
fusea  with  emission  of  light,  nitrogen  is  disengaged,  and  water  formed.  Tho  metal 
iSf  at  the  eame  time,  reduced,  but  a  great  quantity  of  it  ia  carried  away  along  with 
the  gai.  B7  boiUng  the  above  precipitate  with  potaoh*  il  may  be  obtahiad  hi  % 
ftihninating  otale.  It  ia  aBghtlj  aolable  in  adda,  and  theae  aolntiooa  are  jrellowiah- 
brown,  becoming  altogether  black.  The  aeid  aohittoiiB  of  thia  osjde  ace  not 
pfoeipitated  bjr  either  iron  or  auie. — ^£0. 
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verj'  rapidly  decomposed  into  peroxyde  of  osmium,  metallic 
oimium,  aad  muriatic  acid.  The  oombiuatioua  of  thiB  chloride 
with  other  metallic  chlorides,  however,  do  not  undergo  any 
deoomposition  when  dinolTed  in  water. 

*  A  solution  of  potash  docs  not  produce  any  change  at  first 
in  solutions  of  combinations  of  deutochloride  of  osmium,  but  by 
heating  the  liquid  it  assumes  a  black  colour  caused  by  deutoxyde 
of  osmium,  a  black  precipitate  is  deposited,  and  the  liquid  be- 
comes dear  again.  By  leaving  the  mixture  undisturbed  for  a 
long  time,  the  same  cftect  is  produced  as  by  boihng. 

*  Ammonia  does  not  cause  at  first  any  change  in  solutions  of 
potassio-chloride  of  osmium,  but  after  a  time  the  liquor  becomes 
brown,  and  a  precipitate  of  the  same  colour  is  deposited. 

*  Carbonate  or  fotash  at  the  beginning  produces  no 
change  in  solution  of  potassio-chloride  of  osmium,  but  after  a 
time  a  black  precipitate  of  deutoxyde  of  osmium  is  formed,  and 
the  supernatant  liquid  is  bluish. 

*  A  solution  of  bicabbonatb  of  potash  behaves  in  the  same 
manner,  only  the  liquor  must  be  boiled  to  determine  the  forma- 
tion of  the  black  precipitate. 

*  A  solution  of  cabbonatb  of  soda  behaves  like  a  solution 
of  carbonate  of  potash,  with  only  this  difference :  that  the  super- 
natant liquor  above-the  black  precipitate  has  a  less  dark  blue 
colour. 

*  A  solution  of  CARBON  AT£  OF  AMMONIA  bcliaves likc  ammouia 
towards  solutions  of  deutochlonde  of  osmium. 

*  A  solution  of  fhosphatb  of  soda  at  first  does  not  produce 

any  change  in  solutions  of  deutochloride  of  osmium  ;  but  after 
a  time  a  black  precipitate  is  produced,  and  the  supernatant 

liquor  is  l)luish. 

*  A  solution  of  oxalic  acid  causes  no  alteration  in  solution 
of  potassio-chloiide  of  osmium,  even  after  a  pretty  long  time. 

*  A  solution  of  fxbbocyanvrbt  of  potassium  behaves  in  the 
same  manner. 

*  A  solution  of  fbr&icyanukkt  op  potassium,  the  same. 

*  A  solution  of  cyanubbt  of  mbbcubt,  the  same. 
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*  A  solution  of  subnithate  of  mlrllry  produces  a  yel- 
lowiali-white  precipitate  in  solution  of  potassio-chloride  of 
osmium. 

*  A  aolutioii  of  FROTosuiiPHATX  ov  lEON  pioduoes  no  change. 

*  pBOTOCBiiOmiOB  OF  TIN  gives  a  brownish  precipitate* 

*  A  solution  of  iodide  of  potassium  at  first  docs  not  cause 
any  alteration  in  solution  of  potassio-chloride  of  osmium ;  but 
by  long  standing  a  black  precipitate  is  formed^  and  the  liquor 
beoomes  bluish. 

*  Aqueous  solntionior  a  current  of  svlpbubbttbd  htdboobv 
GAs^  does  not  at  first  cause  any  alteration  in  solution  of  potassio- 
chloride  of  osmium  ;  but  after  a  time  a  brownish -yellow  preci- 
pitate of  sulphuxet  of  osmium  is  produced. 

*  Utdbosulphubbt  of  AXXONtA  pToduces  a  brownishpjeUofW 
predtiitate  of  solphuret  of  oaminm  inaolnble  in  an  eioess  of  the 
re-agent. 

*  A  bar  of  metallic  zinc  plunged  in  solutions  of  osmium 
precipitates  tins  metal  in  the  form  of  a  black  powder,  though 
incompletely. 

4*  PEROXYDE  OF  OSMIUH,  OiO,. 
(Oxjfde  Sutomiqtie  Acide  Otmifm.) 

*  This  oxvdc  is  formed  when  metallic  osmium  or  its  other 
oxydes  are  heated  in  contact  with  the  air,  and  also  when  the  solu- 
tions of  osmium  are  boiled  in  nitric  add.  Peroxyde  of  osmium 
is  well  distinguished  by  its  YolatiUty,  and  the  extremely  dis- 
agreeable odour  of  its  vapours  K  It  possesses  so  many  of  the 
properties  which  distinguish  acids,  that  we  shall  defer  speaking 
of  it  until  we  come  to  the  chapter  which  treats  of  acids'. 

*  The  compounds  of  osmium  may  very  easily  be  recognized, 
because  when  their  solutions  are  boiled  with  an  excess  of  nitric 
add,  the  disagreeable  odour  of  peroxyde  of  osmium  is  eyolved; 
and  because  they  may  be  reduced  by  a  current  of  hydrogen  gss 

>  llu  from  the  odour  of  tfiiooiTda  Aattlie  iihm  of  tfioiiMtdliM  boon  taken; 
iffulf  odour. — ^Bd. 

*  Peroiqrde  of  oeaUam  bee  no  aeid  foeelioo,  but  H  onilee  with  ellceliei^  taaabi^ 
fAlk  tbem  couiyuimdi  which  aio  ponueaent  at  tempentnrMk^Eo. 
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into  metallic  osmium,  which,  like  the  oxydcs  of  osmium,  exhale 
that  cliaracteristic  odour  when  heated  in  contact  with  the  air. 
When,  howerer,  compoandB  of  oBmiam  contain  iridium,  the^ 
resist  much  more  powerfully  the  action  of  nitric  acid,  and  of 
oxygen.  It  is  better  in  such  a  case  to  reduce  them  by  means  of 
liydrogen  gas since,  when  in  the  metallic  state,  the  minutest 
trace  of  osmium  cau  be  detected  iu  indium  by  means  which 
will  be  exposed  further  on. 

32.  OXYDES  OF  GOLD, 
r.  SUBOXYDE  OF  GOLD,  Au,0. 
(Oa^fde  Awreusc} 

SvBOXTDB  OF  ooLD  is  obtained  from  subchloride  of  gold  by 
means  of  a  solution  of  potash ;  but  its  existence  is  but  of  short 

duration,  for  it  soon  becomes  converted  into  metallic  gold  and 
peroxyde  of  gold.  In  the  same  way,  subchloride  of  gold  is 
decomposed  into  metallic  gold  and  p^rchloride  of  that  metal*. 

T,  PEROXYDE  OF  OOLD,  An,0,. 

[SESQX'IOXYDE  OF  GOLD.] 

{fixjfde  Aurique.) 

Hydkatb  of  peboxydb  of  oold  is  brownish-yellow.  When 
peroxyde  of  gold  has  been  precipitated  from  solutions  of  per- 
chloride  of  gold  by  a  base,  it  always  retains  a  certain  quantity 

of  that  base. 

*  It  combines  in  general  with  the  bases,  with  which  it  plays 

'  Peroxyde  of  osmium  is  not  reduced  by  liydropcn  gas  at  the  ordinary  t<?nipcra- 
ture  into  the  inferior  degrees  of  oxytliwitimi  of  this  metal :  tlie  help  of  heat  is 
required.  Bcrzelius  gives  the  following  directions  : — Expose  the  peroxyde  of 
onuiimi  to  %  gentio  haftt,  and  oMue  a  eamnt  of  hydrogen  gas  to  antw  the  vessel  in 
«h!di  Hie  parmyde  is  ecotaiaad,  and  tfie  gaaeona  miztan  ao  porodneed  to  paaa 
thxt)qgiiaglaBtabe»part«f  wUisfakmaderedhot  Water  is  fonned,  and  metaUio 
oaminm  is  gradually  deposited  in  flie  atato  of  a  oobaalTa  man  on  or  about  the  part 
where  the  glass  is  red  hot  Ed. 

-  Subchloride  of  gold  is  poT-manent  wlien  dry,  b\it  the  contact  of  water  gradually 
(U'composes  it  into  pcrchloridc  and  nictalUc  gold.  This  decomposition  is  instau- 
tai]c(ju8  whou  boiling  water  is  poureil  upon  it :  two  parts  of  metallic  gold  are 
precipitated  for  ooo  idudi  mnuiia  in  aoliition.— Ed. 
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the  part  of  an  acid.  It  is  insoluble,  or  almost  so,  in  the  oxacids : 
concentrated  sulphuric  acid,  and  concentrated  nitric  acid,  each 
dissolve  it ;  bat  the  affinity  is  so  feeble,  that  the  addition  of 
water  to  the  solution  is  snfBdent  to  precipitate  it.  Exposed  to 
a  red  heat,  it  is  converted  into  metallic  gold,  and  oxygen  gas  is 
evolved. 

The  corresponding  perchloride  of  gold  is  contained  in  the 
solution  of  gold  in  aqna  regia.  Heated  to  the  temperature  at 
which  tin  melts,  it  is  converted  into  subchloride  of  gold;  a 
stronger  heat  rednoes  it  into  metallic  gold. 

*  Its  solution  tinges  the  human  skin  of  a  purple  colour. 

An  excess  of  a  solution  of  potash  poured  in  a  solution  of 
perchloride  of  gold  produces  at  hrst  no  precipitate;  after  some 
time  the  liquor  assnmes  a  slightlj  greenish  tinge,  and  a  small 
bladL  pred^tate  fiilla  down  *. 

*  This  effect,  however,  is  solely  owing  to  a  small  quantity  of 
organic  matter  which  the  solution  of  potash  contains.  Tliis 
insignificant  black  precipitate  consists  of  metallic  gold  in  an 
extreme  state  of  division. 

Ammonia  determines  in  solutions  of  perchloride  of  gold  a 
yellow  precipitate,  *  which  is  a  compound  of  peroxyde  of  gold 
and  of  ammonia,  (fulminating  gold — aurutc  of  aiumunia). 

A  solution  of  CA&BONATE  OF  POTASH  produccs  no  precio 
pitate. 

A  solution  of  bicaebonatb  or  potash  produces  no  preci- 
ptate. 

A  solution  of  carbonats  op  ammonia  determines,  in  neutral 

solutions  of  perchloride  of  gold,  a  yellow  precipitate  siniilar  to 
that  produced  by  ammonia.    Carbonic  acid  gas  is  disengaged. 

A  solution  of  phosphatb  op  soda  produces  no  precipitate. 

A  solution  of  oxauc  acid  produces  a  dark  greenish-black 
colour,  which  is  owing  to  the  presence  of  metallic  gold,  and 
which  requires  a  long  time  for  precipitation.  If  the  solution  be 

>  If  tiMaolatioiiof  goldlMMid,itmii«lkelM»led«llwilw«ddHim  of  potMhor 
of  ammonia,  for  these  re-agent«  prodaoe  BO  predlpitate  in  cold  add  tftlntiflBt  of  peiw 
oxvitc  of  ^olil.   If  tho  solution  contain*  wnmoniawJ  tslti^  it  nuMt  alw  be  hootod  in. 
order  (o  obloin  the  precipitate. — £0. 
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heated,  this  eflfect  is  more  promptly  determined  j  and  there  is  a 
Tisible  disengagement  of  carbonic  acid  gas. 

A  flOlutioa  of  FBE&OOTANUBBT  OF  POf  ASBIVX  ptodOM  au 

emendd-green  colour  in  solations  of  pmhloride  of  gold. 
A  solution  of  fxkuctanuut  of  fofamhuii  |irodiiOM  no 

precipitate. 

A  solution  of  cyanujust  of  mk&cu&y  produces  no  preci- 
pitate. 

A  solution  of  svbnxteatb  of  mbrcukt  prodnces  an  immediate 
black  precipitate. 

A  solution  of  protosulphate  of  iron  produces  at  first  a 
blue  colour  in  very  dilute  solutions  of  perchloride  of  gold ;  and 
afterwards  a  brown  precipitate  of  metallic  gold  is  formed.  When 
tlie  eolation  of  perchloxide  of  gold  is  not  too  dilnte^  an  imme- 
diate brown  precipitate  of  metallic  gold  is  determined. 

A  solution  of  protochlouide  of  tin,  to  which  enough 
muriatic  acid  has  been  added  to  render  it  clear,  f^ves  to 
an  extremely  dilute  solution  of  perchloride  of  gold  a  purple 
colour;  if  the  solution  is  more  concentratedj  this  re-agent  pro- 
duces a  deep  purple  prec^itate  (purple  of  cassius)  insoluble  in 
free  muriatic  acid. 

A  solution  of  iodide  op  potassium  produces  a  black  colour 
in  those  of  perchloride  of  gold,  a  yellowish-green  precipitate  of 
iodide  of  gold  is  deposited,  and  the  liquid  contains  free  iodine 
in  solution. 

*  Infusion  of  oalls  produces  in  solutions  of  perchloride  of 

gold  a  black  precipitate  of  reduced  gold,  which,  especially  when 
heated,  becomes  brownish-yellow,  and  may  be  recognized  as 
metallic  gold. 

Htdbosulfhurbt  of  ammonia  gives  in  neutnU.  solutions  of 
perchloride  of  gold  a  dark  precipitate  of  persulphuret  of  gold, 
completely  soluble  in  an  excess  of  rc- agent 

Aqueous  solution,  or  a  current  of  sulphubetted  hydaooen 

»  The  precipitate  of  persulphuret  of  gold  prfHliu>ecl  1.  v  li  y.lrosulplmrot  of  nmmoni* 
ia  solable,  it  is  true,  in  wi  excess  of  thiii  rc-agcnt ;  but  it  must  contain  au  excess  of 
.  mlplnir,  otewioe  it  is  not  dlMolved.^E]i. 
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CAS,  produces  a  black  precipitate  of  pcrsulphurct  of  gold  iu 
neutral  aud  iu  acid  solutions  of  perchloride  of  gold  *. 

A  bar  of  mbtallic  f  imc  plunged  in  solutions  of  gold  prect- 
c^itstes  the  gold  in  the  metallic  state  nnder  the  fonn  of  a 
Tolnminons  brown  coating. 

The  compouuds  of  gold  are  decomposed  by  exposure  to  a 
red  heat. 

The  neutral  solution  of  gold  reddens  litmus  paper. 
'   Solntidns  of  gold  are  easily  detected  by  their  behaviour 
towards  solutions  of  paorosvLVBAra  of  ibon^  of  oxalic  acid^ 

and  of  pROTociiLORiDK  of  tin. 

There  are  some  organic  substances  by  which  gold  is  reduced 
firom  the  solution  of  perchloride  of  gold. 

*  There  are^  however,  few  organic  substances  which^  like  the 
iNvusioN  OF  0ALL8,  Can  instantancously  operate  this  reduction. 
Most  of  them,  in  order  to  reduce  the  metal,  must  be  heated 
for  a  long  time  with  the  solution  of  gold;  aud  then  there  is 
generally  ouly  a  small  portion  of  the  gold,  which  separates  in 
the  metallic  form>  with  the  characteristic  yellow  colour.  But 
all  organic  substances,  almost  without  exception,  either  volatile 
or  jiot,  provided  there  be  a  sufficient  quantity  present,  com- 
pletely reduce  gold  when,  at  the  same  time,  a  solution  of  potash 
is  added.  The  addition  of  this  alkali  almost  constantly  deter- 
mines an  immediate  deposition  of  gold  under  the  form  of  a 
black  precipitate ;  the  black  colour  of  which  is  so  deep,  that, 
juil^aii|^'  l)y  the  colour,  one  could  hardly  conceive  it  to  consist  of 
the  pure  metal.  This  reduction  occasioually  requires  a  certain 
time  for  its  production.  Tliere  are  only  a  few  cases  in  which, 
though  the  alkali  be  added,  it  is  necessary  to  heat  the  liquid  in 
order  to  obtain  the  reduction  of  the  gold ;  but  the  black  pre- 
cipitate is  always  more  promptly  determined  with  the  help 
of  heat. 

The  formation  of  the  precipitate  which  ammonia  causes 
in  solution  of  perchloride  of  gold  is  prevented  by  the  presence 

>  The  permlpliBni  of  gold  thns  prodoood  is  ioaolttble  in  an^ile  ocids,  bal  aolablo 
in  aqin  rt^m,  ud  portly  ao  in  potoob. — Ed. 
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of  some  organic  substances,  for  eiample,  by  a  solntioii  of  gam 
arable,  and  partly  also  by  starch,  but  not  by  solution  of  either 
cane  or  gtvge  sugar.  however,  the  solution  of  the  two 
latter  sabrtanoes  remains  for  a  long  time  in  contact  with  the 
precipitate,  the  gold  is  partly  reduced,  espedaUy  with  grape 

*  When,  after  having  dissolved  percliloride  of  gold  iu  aqueous 
alcohol,  the  alcohol  is  driven  off  by  the  action  of  heat^  the 
remaining  aqueous  solution  gives  an  immediate  yellow  precipitate 

by  pouring  a  solution  of  cyaiude  of  mercury. 

99.  OXYDES  OF  TIN. 
1*.  PROTOXYDE  OF  TIN,  SoO. 

{Oxyde  Stanneux.) 

PuAV  protoxyde  of  tin  is  a  powder,  of  a  blackish-grey  colour, 
which,  when  brought  in  contact  with  bodies  in  a  state  of  ignition 
in  the  air,  bums  like  tinder,  and  is  thereby  converted  into  den- 

toxydc  of  tin.  Hydrate  of  protoxyde  of  tin  is  white,  and  more 
soluble  in  acids  than  protoxyde  of  tin  is,  after  having  been 
exposed  to  a  red  heat  in  dose  vessels* 

*  The  salts  of  protoxyde  of  tin  are  colourless,  and  their 
solutions  become  easily  oxydised  when  they  are  left  exposed  to 
the  air.  The  protocliloride  of  tin,  which  corresponds  to  the  pro- 
toxyde, cannot  be  dissolved  in  water  without  being  decomposed; 
a  milky  sohition  is  thus  produced,  owing  to  the  separation 
of  an  insoluble  compound  of  protochloride  and  of  protoxyde 
oi'  till. 

*  This  solution  likewise  greedily  absorbs  the  oxygen  of  the 
air,  in  consequence  of  which,  when  poured  in  certain  metallic 
solutions,  it  has  a  strong  deoxydising  action,  and  reduces  the 
metal 

*  According  to  Regnault,  protoxyde  of  tin,  at  a  hi^h  tem- 
perature, decomposes  water,  with  disengagement  of  hydrogen 

>  For  example,  it  reduces  the  permits  of  iron  to  protOMlts  of  iron,  aitenifi  add 
into  orseaioin  acid,  chromic  add  into  oxyde  of  chrome,  ftc^  Ac— Ed. 
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gas,  more  easily  than  even  metallic  iron,  and  is  thereby 
converted  into  deutoxyde  of  tin. 

Solutions  of  protoiqrde  of  tin  in  adds,  and  of  protocbloride 
of  tin  in  water^  wlien  a  soffident  quantity  of  mmiatic  add  has 
been  added  to  render  the  solution  clear^  behave  as  follows 
towards  re-agents : — 

A  solution  of  potash  produces  a  white  precipitate  of  hydrate 
of  protoi^de  of  tin,  soluble  in  an  excess  of  alkali.  After  a 
time,  but  more  lapidlj  by  boiling,  the  solution  undergoes  a 
decomposition,  in  consequence  of  which  metallic  tin  is  preci- 
pitated in  the  form  of  a  xcry  voluminous  black  powder,  and 
deutoxyde  of  tin  combined  with  potash  remains  in  solution. 

Ammonia  determines  in  solution  of  protosalts  of  tin  a  white 
predpitate  of  hydrate  of  piotoj^de  of  tin,  insoluble  in  an 
excess  of  the  re-agent. 

A  solution  of  carbonate  of  potash  produces  a  white  pre- 
cipitate of  hydrate  of  protoxyde  of  tin,  insoluble  in  an  excess  of 
the  le-agent. 

A  solution  of  BicARBONATB  OF  voTASB,  tbc  samc. 

A  solution  of  carbonate  of  ammonia,  the  same. 

A  solution  of  phosphate  op  soda  gives  a  white  predpitate  of 
phosphate  of  protoxyde  of  tin. 

A  solution  of  OXALIC  acid  determines  a  white  predpitate  of 
oxalate  of  protoxyde  of  tin. 

A  solution  of  Fi;iiRoc  v  axuret  of  potassium  produces  a 
white  gelatinous  precipitate  of  ferrocyanuret  of  tin.  *  When 
this  predpitate  has  a  reddish  tint,  it  is  a  proof  that  there  was 
some  copper  in  the  solution. 

A  solution  of  FBRBicTANUBBT  OF  FOTASsiirM  givcs  a  whitc 
precipitate  of  fcrricyanuret  of  tin,  soluble  in  muriatic  add. 

*  Inpusion  of  galls  produces  an  abundant  light  yellowish 
predpitate  in  the  milky  solution  of  protocliioride  of  tin,  or  in 
that  to  which  only  a  little  muriatic  add  has  been  added. 

Htdbosvlfhubbt  of  ammonia  produces  in  neutral  solutions 
of  protoxyde  of  tin  a  brown  precipitate  of  protosulphuret  of 
tin,  soluble  in  a  very  large  excess  of  the  precipitant,  especially 
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when  this  re-agent  is  of  recent  preparation,  and  yellow  from  its 
containing  an  excess  of  sulphur.  An  excess  of  muriatic  acid 
poured  in  this  solution,  produces  a  yellow  precipitate  of  bisul- 
phuiet  of  tin  mixed  with  sulphur. 

An  aqueous  solution,  oracurrcnt  of  sulpuurettkd  hydrogen 
OAS,  produces  a  dark  brown  precipitate  of  protosulphuret  ot 
tin,  in  neutral  and  in  add  solutions  of  protosalts  of  tin  \ 

A  bar  of  hbtallic  sinc,  plunged  in  solutions  of  protosalts 
of  tin,  precipitates  tin  in  the  metallic  state,  and  in  the  form  of 
whitish -g^rey  spangles. 

A  solution  of  iodid£  or  potassium  produces,  in  solutions  of 
protosalts  of  tin,  a  white  cnrdy  precipitate,  with  a  slight  tinge 
of  yellow,  and  which,  after  a  certain  time,  when  the  liquor  has 
been  concent  rated  to  a  certain  point,  and  *  provided  the  quan- 
tity of  iodide  of  potassium  has  been  exactly  proportioned  to 
that  of  the  protosalt  of  tin,  partly  becomes  of  a  cinnabar  red, 
and  consifts  of  proto-iodide  of  tin.  By  heating  the  whole,  the 
pToto-iodide  of  tin  on  cooling  is  deposited  under  the  form  of  red 
needles.  The  precipitate  is  soluble  in  a  great  excess  of  iodide 
of  potassium  and  in  muriatic  acid. 

ThebehaYiourof  fbrchlosidb  or  gold  towards  protochloride 
of  tin,  and  of  other  protosalts  of  tin,  has  been  already  noticed 
(page  170)  \ 

>  The  prccipitato  of  proloralphimt  of  tin  prodncod  by  aolphiiretled  hjdn^gen 
and  l^ydiroflolpharot  of  ammonia  it  odliiblo  in  poteali  and  in  alkaline  aidplniwla.  A 
ftaef  laige  ezeeas  of  bydroiolplittreft  of  aaraionis  is  roqudred  to  diaaolve  it  unless  this 
lomKBUt  contAins  an  excess  of  sulphur,  which  may  at  once  be  done  by  adding  a 
small  quantity  of  sublimed  sulphur  woll  washed.  Boiling  nitrie  aoid  oonverts  tbis 
protosulphuret  into  peroxyde  of  tin. — Ed, 

2  An  oxcefw  of  perchloride  of  jrold,  from  what  has  beoii  said  previously  at  jmge  1 70, 
produces  in  solutions  of  protoxyde  aud  uf  protochloride  of  tin  a  purple  precipitate 
(purple  of  eaarina);  but  to  obtain  thla  eflbct>the  liqnor  should  oooti^  some  per uxy do 
of  tin»  wbeMfbra  » littis  eeltf  nitrie  aeid  (tbe  ndzton  must  not  bo  iMMtod)  sbould 
bo  added  to  peroEjdiae  n  portion  of  the  pgotosalt  of  tan.  An  oseess  of  a  solution  of 
protodiloride  of  mercury  (sublimate)  produces  in  solutions  of  protochloride  of  tin 
ft  whitf^  prroipitate  of  subchlnridc  of  mercnrj'  (calomel),  because  the  protochloride 
of  tin  takes  up  half  the  chlorine  of  tlie  protochlorido  of  mercury  ;  the  result 
being,  therefore,  that  the  protochloride  of  tin  U^conies  a  pt^rehloride  of  tin, 
whilst  the  protochloride  of  mercury  (sublimate)  becomes  a  subchloride  of  mercury 
(oaloinel).~ED. 
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The  protosalts  of  tin  are  decomposed  by  exposure  to  a  red 
heat  in  contact  with  the  air. 
Their  solutions  redden  litmus  paper. 

The  protosalts  of  tin,  which  are  insoluble  in  water,  are 

nearly  all  soluble  in  liiunatic  acid,  at  least  pro\i(led  they  have 
not  been  previously  ignited.  The  presence  of  protoxyde  of  tin 
18  detected  in  these  solutions  by  pouring  in  them  a  solution  of 
sulphuretted  hydrogen,  or  a  solution  of  gold. 

Before  the  blow-pipe,  protosalts  of  tin^  mixed  with  soda, 
yield  metallic  tin,  when  heated  uj)()n  charcoal  in  the  interior 
iiame.  The  prlobule  of  reduced  tin  may  be  recognized,  because 
it  may  be  flattened  under  the  hammer,  and  because  when 
mixed  with  a  green  bead  of  microoosmic  salt,  holding  pro- 
toxyde of  copper  ill  solution,  the  bead  becomes  opaque,  or  of  a 
reddish-brown  colour  in  the  exterior  fiame,  which  phenomenon 
is  due  to  the  reduction  of  the  protoxyde  into  suboxyde  of  copper. 

Solutions  of  protosalts  of  tin  are  very  easily  recognized  by 
their  behaviour  towards  solution  of  gold  (page  170). 

The  presence  of  non-volatile  organic  substances  may 
sometimes  hinder  the  precipitation  of  protoxyde  of  tin  by 
alkalies. 

2".  SESQUIOXYDE  OF  TIN,  Snj,0,. 
{0.1  ink  Sustanneux.) 

*  The  sesquioxyde  of  tin  obtained  by  decomposing  hydrate  of 
peroxyde  of  iron  by  means  of  a  solution  of  protochloride  of  tin, 
is  white,  but  ordinarily  it  has  a  yellowish  colour,  which  is 

imparted  to  it  by  a  certiiin  quantity  of  peroxyde  of  iron,  which 
remains  mixed  with  it :  it  has  a  very  muciliiginous  consistency, 
and  on  that  account  it  is  difBicult  to  collect  it  on  a  filter.  In 
the  anhydrous  state  it  forms  a  powder  of  a  greyish-brown 
colour.  Heated  in  contact  with  the  air,  it  is  converted  into 
peroxyde  of  tin.  "Whilst  still  moist,  it  is  soluble  in  ammonia  : 
in  this  it  diflfers  from  protoxyde  of  tin,  which  is  insoluble  in 
that  re-agent;  it  is  difficultly  soluble  in  dilute  muriatic  add, 
but  more  easfly  so  in  the  concentrated  add.  The  solution, 
like  that  of  protoxyde  of  tin,  gives  a  precipitate  of  purple  of 
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CRssins,  when  a  solution  of  perchloride  of  gold  is  poured  into  it  . 
This  character  distinguishes  it  from  peroxyde  of  tin,  which  is  not 
precipitated  by  perchloride  of  gold. 

PEROXYDB  OP  TIN,  SnO,. 

[DKlTOXVnE  OF  Tlx.] 

{Oxytk  StanniqiK.) 

PuRB  penu^de  of  tin  is  white  or  yellowish  after  ignition. 
The  native  peroxyde  is*  generally  of  a  daricer  hne,  owing  to 

some  foreign  substances  with  which  it  is  accidentally  mixed. 
After  ignition,  it  becomes  altogether  insoluble  in  acids,  and 
must  be  fused  with  an  excess  of  carbonate  of  potash,  or  of 
soda,  in  order  to  become  again  solnble  in  those  re-agents.  In 
the  pure  state,  it  is  infusible,  except  by  a  yery  violet  heat, 
but  it  easily  fVises  into  an  enamel  when  heated  with  basic  sub- 
stances.  The  hydrated  pcroxyde  of  tin,  which  1ms  been  obtained 
by  treating  tin  by  nitric  acid,  is  white  and  insoluble,  even  with 
the  help  of  heat,  in  almost  all  adds,  particuhirly  sulphuric 
and  nitric  adds.  *  It  is  likewise  perfectly  insoluble  in  some- 
what concentrated  muriatic  add,  even  at  a  boiling  heat.  When, 
however,  after  treatment  with  this  acid,  it  is  leit  standing,  the 
oxyde  is  deposited,  and  by  decanting  the  supernatant  acid,  the 
perozyde  which  has  remained  undissolved,  and  had  combined 
witb  the  add  without  being  able  to  dissolve  in  an  excess 
thereof,  is  totally  soluble  in  pure  water.  If  such  a  solution 
be  boiled,  the  pcroxyde  of  tin  is  separated,  and  after  cooling 
it  is  no  longer  soluble  in  the  liquor'. 

*  The  aqueous  solution  of  this  hydrated  perchloride  of  tin, 
the  solution  of  the  volatile  perdiloride  of  tin  (libavius'  fuming 
liquor),  and  even  the  solutions  in  adds  of  the  peroxyde  of  tin 
which  has  been  i)recipitutcd  by  ammonia  from  an  aqueous  solu- 
tion of  perchloride  of  tin,  ditTcr  from  each  other  in  their  deport- 
ment towards  re-agents.  The  latter  solution  behaves  towards 
re-agents  like  an  aipieous  solution  of  perchloride  of  tin.  The 

>  It  is  bdietied  thst  tlMie  peediariliai  an  nfierrible  to  cbsngee  in  the  ateta  of 
hydnUion.— Ed. 
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hydrate  of  pcroxyde  of  tin,  which  has  heen  precipitated  by 
ammonia  trom  an  aqueoua  solution  of  percbloride  of  tin,  and 
which  has  been  dried  (an  operation  during  which  heat  should 
be  eschewed),  differs  abeady  by  its  exterior  characters  from  the 
peroxyde  of  tin  prepared  with  nitric  acid.  It  consists  of  trans- 
hicid  fragments,  with  a  vitreous  fi'acture,  whilst  the  hitter  is 
pulverulent.  After  ignition  the  two  oxydes  behave  exactly  in 
the  same  manner.   Both  are  then  entirely  insoluble  in  adds. 

^  Solution  of  percbloride  of  tin  is  not  decomposed  by  a  pro- 
longed cbullitiou.  E\eii  thougli  a  considerable  quantity  ol' 
nitric  acid  be  added,  and  the  whole  boiled  for  a  long  time,  no 
insoluble  pcroxyde  of  tin  is  precipitated,  but  when  the  solution 
of  perehloride  of  tin,  mixed  with  nitric  add,  has  been  brought 
by  boiling  to  a  rather  high  degree  of  concentration,  then  -an 
abundant  disengagement  of  nitrous  vapoiu*s  takes  place,  tuid  an 
insoluble  precipitate  of  peroxyde  of  tin  is  formed. 

A  solution  of  potash  produces  in  solution  of  perehloride  of 
tin  a  bulky  white  predpitate  of  hydrated  peroxyde  of  tin, 
soluble  with  extreme  fhdlity  in  a  slight  excess  of  the  re-agent^ 
and  the  solution  does  not  become  turbid  even  after  a  long  time. 

*  The  hydrate  of  peroxyde  of  tin  produced  by  the  oxydising 
agenqy  of  nitric  add,  dissolves  partly  only  in  an  excess  of 
potash ;  the  solution,  after  a  long  space  of  time,  spontaneously 
deposits  a  great  quantity,  but  not  the  whole,  of  the  peroxyde  of 
tin  which  it  contained,  so  that  it  yet  retains  a  great  deal  of  it. 
A  solution  of  potash,  poured  in  an  aqueous  solution  of  hydrated 
perdiloride  of  tin,  produces  a  white  predpitate  sparingly  soluble 
in  an  excess  of  the  re-agent,  even  if  it  be  boiled  with  it. 

Ammonia  determines  in  solutions  of  perehloride  of  tin  a  bulky 
white  precipitate  of  hydrate  of  peroxyde  soluble  in  a  great  excess 
of  the  re-agent.  *  Yet  the  solution  always  remains  slightly 
turbid ;  in  course  of  time  it  becomes  dear ;  but  it  afterwards 
depodts  an  abundant  and  bulky  predpitate.  The  predpitate, 
which  ammonia  thus  determines,  is  easily  dissolved  by  all  adds, 
even  by  nitric  acid.  The  peroxyde  of  tin,  j)ru(liu'cd  by  the 
oxydising  agency  of  nitric  acid,  is  not  soluble  in  ammonia :  the 

N 


Digiti^uu  by  Coogle 


178 


OXYDKS  OF  TIN. 


aqueous  sulution  of  tLc  hydratcd  chloride  formed  by  tliis 
peroxydc,  in  which  ammouia  is  poured,  gives  a  wliite  precipitate 
▼eiy  slightly  soluble  in  an  eiceu  of  the  re-ageut. 

A  solution  of  caebonatb  of  potash  detennines  in  solution 
of  perehloride  of  tin  a  wliite  precipitate  of  hydrate  of  peroxyde^ 
accompanied  by  u  dl:^tli<J:a^'{•luL'lll  of  carbonic  acid  gas,  and 
which  precipitate  is  completely  soluble  in  an  excess  of  the  re- 
agent ;  yet,  after  a  time,  a  white  precipitate  is  again  deposited 
in  this  last  solution,  from  which  the  perozyde  of  tin  is  thus 
ultimately  separated  in  Mo, 

*  The  peroxyde  produced  b\  nitric  acid  does  not  dissolve  in  a 
solution  of  carbonate  of  potash. 

*  A  solution  of  carbonate  of  potash  poured  in  the  aqueous 
solution  of  the  hydrated  perohlohde  of  that  oi^e  produces  a 
white  bulky  precipitate  insoluble  in  an  excess  of  the  re-agent. 

A  solution  of  bicarbonate  op  potash  produces  in  solutions 
of  perehloride  and  of  peroxyde  of  tin  a  white  precipitate  of 
hydrate  of  peroxyde  of  tin,  which  is  insoluble  iu  an  excess  of 
the  re-agent;  the  fonnation  of  this  precipitate  is  accompanied 
by  a  disengagement  of  carbonic  add  gas. 

A  solution  of  carbonate  of  ammonia  behaves  iu  the  same 
manner. 

A  solution  of  PHosPHAT£  OP  SODA  produccs  a  white  preci- 
pitate of  phosphate  of  tin. 

A  solution  <^  OXALIC  acid  produces  no  precipitate  in  neutral 
solutions  of  perehloride  and  of  peroxyde  of  tin. 

A  solution  of  ferrocyanuret  of  potassium  produccs  no 
immediate  precipitate  iu  these  solutions,  but  after  a  time  a  white 
turbidness  appears^  and  by  long  standing  the  whole  liquor 
congeals  into  a  thick,  stiffs  yellowish  jelly  which  is  insoluble  in 
muriatic  acid.  A  solution  of  ferrocyanuret  of  potassium  requires 
a  much  longer  time  to  produce  the  jelly  in  solutions  of  persalts 
of  tin  w  hen  they  are  dilute. 

A  solution  of  fbrrigyanvbbt  of  potasbiuii  produces  no 
precipitate  in  solutions  of  persalts  of  tin. 

*  Infusion  of  galls  produces  no  immediate  precipitate  in 
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neutral  solutions  of  perchloride  and  of  peroxyde  of  tin,  but  in 
course  of  time  the  mixture  congeals  into  a  jelly^  espedally  with 
the  aolntknu  of  perchloride. 

Htdbobulphitbbt  ov  ammonia  produces  in  neutral  solutions 
of  perchloride  and  of  peroxyde  of  tin,  a  yellow  precipitate  of 
bisnlpliurct  of  tin.  Tliis  precipitate  is  completely  solubie  in 
an  excess  of  the  re-agent. 

This  precipitate  is  soluble  also  in  ammonia,  in  solution  .of 
pure  potaah,  and  of  carbonate  of  potash;  in  solutions  of  pure 
potash  and  of  carbonate  of  potash  peroxyde  of  tin  is  deposited*. 

An  aqueous  solution  or  a  current  of  sulphi  retted  hydrogKiV 
GAS  does  not  produce  immediately  any  precipitate  in  neutral  or 
in  dilute  acid  solutions  of  peroxyde  of  tin.  After  a  time^  how- 
ever^ a  yeUow  precipitate  of  Insulphate  of  tin  is  produced,  which 
augments  by  long  standing.  This  yellow  precipitate  is  more 
rapidly  formed  when  solution  of  peroxyde  of  tin  is  boiled  in 
conjunction  with  aqueous  solution  of  sulphuretted  hydrogen 

*  The  colour  of  this  precipitate  bears  some  analogy  with  that 
produced  by  sulphuretted  hydrogen  in  solutions  of  anenious 
acid,  and,  like  the  arsenical  sulphuret,  it  is  soluble  in  solutions 
of  potash  and  of  ammonia.  But  it  differs  from  tlie  precipitate 
of  sulphuret  of  arsenic  because  it  is  not  completely  volatilisablc 
by  heaty  and  because  when  kept  red  hot  in  contact  with  the  air, 
for  a  sufficient  length  of  time,  it  becomes  converted  into 
peroxyde  of  tin. 

A  bar  of  metallic  zinc  plunged  in  solutions  of  perchloride 
or  of  peroxyde  of  tin  produces^  under  disengagement  of  hydrogen 
gas,  a  white  gelatinous  piecipitate,  which  is  peroi^de  of  tin'. 

*  Adds  wpgedpitnte  the  yeUow  Umlpbuvet  from  IhoM  aohitkma  in  an  nmdtered 

eondition. — Ed. 

2  The  Msulj.yiurot  thns  formed  is  soluble  in  potash  and  in  the  alkaline  sulphurcts, 
and  al>io  in  concentrated  muriatic  aeu).  AccorfHri!::  to  Dr.  I'resenius,  it  is  soluble 
also,  but  with  difficulty,  in  pure  ammonia  and  in  carbonate  of  ammonia.  Nitric  acid 
converta  it  into  insoluble  {)eroxyde  of  tin.  Boiled  with  oxyde  of  copper,  sulphuret 
of  copper  is  produced,  and  peroxyde  of  tin  nmilis  ^Holved  in  Ihtt  loliitioii  of  poi* 

*  If  tfie  Minliion  waMn  no  free  nitric  acid,  metallie  lin  in  tiie  oliftpe  of  leelee  of 
a  gray  eotovr  or  of  a  fpongy  niMi  is  depontod. — Eo» 
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A  solution  of  iodide  of  potassium  produces  no  precipitate  in 
these  solutions. 

A  solution  of  fbbchloridb  of  gold  produces  no  precipitate. 

Tlic  porsalts  of  tin  are  decomposed  when  heated  to  redness. 
Their  solutions  redden  litmus  paper. 

The  compounds  of  pcroxyde  of  tin^  which  are  insoluble  in 
water,  can  ordinarily  he  dissolved  in  mniiatic  acid,  provided 
they  have  not  heen  ignited.  The  presence  of  peroxyde  of  tin  in 
these  acid  solutions  is  principally  detected  by  the  yellow  preci- 
pitate which  sulphuretted  hydrogen  determines  therein,  and 
which  is  soluble  in  hydrosulphuret  of  ammonia.  When  the 
compound  of  peroigrde  of  tin  has  been  ignited,  and  thereby- 
rendered  insoluble  in  mniiatic  acid,  it  is  to  be  fused  in  a  platinum 
crucible  with  double  or  treble  its  weight  of  dry  carbonate  of 
potash  or  of  soda,  and  the  fused  mass  is  to  be  dissolved  in  dilute 
muriatic  acid ;  peroxyde  of  tin  may  now  be  recognised  in  tliis 
solution  by  means  of  the  re-agents  mentioned  above.  It  will  be 
immediately  perceived  that  this  method  is  applicable  only  when 
the  peroxyde  of  tin  is  combined  with  an  acid^  which  cannot  be 
precipitated  by  sulphuretted  hydrogen.  The  blow-pipe  is, 
however,  a  more  easy  process  to  detect  the  presence  of  peroxyde 
of  tin  in  these  insoluble  compounds. 

Before  the  blow-pipi  the  persalts,  like  the  protosalts  of 
tin,  are  reduced  into  metaUic  tin. 

Solutions  of  persalts  of  tin  are  easily  recognised  by  their 
behaviour  towards  sulphuretted  hydrogen  and  hydrosulphuret 
of  ammonia.  But  compounds  of  persalts  of  tin  are  best 
distinguished  frmn  araemtes  and  arseniates  by  means  of  the 
blow-pipe. 

The  presence  of  non-volatile  organic  substances  may  some- 
times hinder  the  precipitation  of  peroxyde  of  tin  by  alkalies. 
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94.  OXYDE  OP  ANTIMONY,  Sb^O,. 

£SKSyl  lOXYUE  OF  ANTIMO>y.J 

(  Oxydc  A  Htimoniqiu.) 

Pu&B  osyde  of  antimoDj  is  white— escpoBed  to  a  gentle  red 
heat  it  fbses  into  a  yellow  maas^  which,  on  cooling,  has  a  white 
and  erystalline  appearance.  Heated  in  close  vessels  it  may  be 
completely  sublimed,  and  it  is  condensed  into  bhining  needles. 
Heated  in  contact  with  the  air,  it  emits  a  white  smoke,  and  is 
partly  conTerted  into  antimonions  acid.  Heated  in  coi^unction 
with  charcoal  it  is  easily  lednced  into  metallic  antimony.  When 
heated  with  sulphnret  of  antimony  it  easily  combines  witli  it 
and  produces  a  red  glass.  It  is  insoluble  in  nitric  acid,  *  but 
not  altogether  so,  for  the  acid  liquor  which  has  been  left  for  a 
long  time  in  contact  with  it  always  contains  a  small  quantity  of 
it.  Hnriatic  add  dissolves  it,  hnt  the  solution  becomes  milky 
by  adding  water ;  a  bulky  combination,  which  is  a  basic  chloride 
that  is  a  compound  of  oxyde  and  of  chloride  of  antimony,  is  then 
separated,  and  in  course  of  time  it  reaches  the  bottom  of  the 
▼essel*.  K  enough  muriatic  acid  be  added  to  the  milky  liquor 
to  render  it  dear,  nitric  add  does  not  predpitate  it. 

*  When  nitric  acid  is  added  to  a  soliitiuu  of  antimony,  which 
has  been  rendered  milky  by  the  addition  of  water,  it  becomes 
Umpid;  yet,  after  long  standing,  the  mixture  becomes  somewhat 
turbid. 

A  solution  of  protodiloride  of  antimony,  which  has  been 
rendered  clear  by  addition  of  a  siiflicient  quantity  of  muriatic 
add,  behaves  towards  re-ageuts  as  follows : — 

A  solution  of  POTASH  produces  a  voluminous  predpitate  of 
oiyde  of  antimony,  f  completdy  soluble  in  a  large  excess  of  the 
re-agent. 

*  If  potash  be  not  added  in  sufficient  quantity  to  dissoh  c 
the  bulky  precipitate,  and  if  the  whole  be  left  for  a  long  time, 
the  predpitate  is  depodted  at  the  bottom  of  the  vessd,  its  bulk 

*  An  add  cliloride  win  TSBiMii  in  aolutioii.--ED. 
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diminiBhes,  and  crystalline  grains^  which  are  a  combination 

of  oxyde  of  auliniuny  and  potash,  are  deposited  on  the  sides  of 
the  vessel.  The  liquor  after  ha\ing  been  separated  from  the 
precipitate  by  filtering,  retains  still  much  oxyde  of  antimonj ; 
but  the  smaller  the  excess  of  potash  employed,  the  less  also  is 
the  quantity  of  oxyde  of  antimony  retained  in  solution. 

Ammonia  forms,  iiv  solutions  of  oxyde  of  antimony,  an  abun- 
dant and  bulky  precipitate,  which  after  some  time  settles  at 
the  bottom  of  the  yessd. 

*  This  precipitate  is  not  soluble  in  an  excess  of  the  re-agent, 
for  the  li(iuid  which  is  filtered  therefrom  contains  no  trace  of 
oxyde  of  antimony. 

A  solution  of  cakbonats  or  potash  throws  down  a  bulky 
precipitate  which,  after  a  time,  settles  at  the  bottom. 

t  An  excess  of  the  re-agent  redissolves  a  small  portion  of 
oxvde  of  antimony. 

t  A  solution  of  big  arson  atb  of  potash  behaves  iu  the  same 
manner. 

• 

*  A  solution  of  carbonatb  of  soba  acts  in  the  same  manner, 

only  by  standing ;  oxyde  of  antimony  separates  still  more  com- 
pletely from  the  liquor,  so  that  after  fdtering  it  contains  none. 

A  solution  of  carbonatb  of  ammonia  behaTes  in  the  same 
manner. 

*  A  solution  of  phosfhatb  of  soda  produces  in  solutions  of 

oxyde  ol  aiiinnoiiy  im  abundant  bulky  precipitate,  which  docs 
not  settle  eveu  after  a  long  time.  The  tiltered  liquid  contains 
still  a  large  quantity  of  o^de  of  antimony  in  solution. 

A  solution  of  oxauc  acid  produces  an  abundant  and  bulky 
white  precipitate,  which  in  time  settles  at  the  bottom  of  the 
vessel. 

*  After  a  long  time,  the  oxyde  of  antimony  is  so  completely 
precipitated  by  oxalic  add,  that  no  trace  of  it  can  be  found  in 
the  filtered  liquid.   When  too  much  oxalic  acid  is  added,  the 

precipitate  dors  not  immediately  appear,  but  only  after  a  certain 
timo.  In  either  case  the  oxyde  of  antimony  is  separated  from 
the  liquor. 
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A  solution  of  fbrkoctanfrvt  of  potassium  prodaces  a  wbite 

precipitate  insoluble  in  muriatic  acid,  and  which  cousei^ueatly 
is  not  occasioned  by  the  water  uf  the  re-agent. 

A  solation  of  feiuucyanuret  of  potassium  does  not  deter* 
mine  any  precipitate;  should  a  sliglit  torbidness  be  produced,  it 
is  dissipated  by  a  small  quantity  of  muriatic  acid,  and  this  tur- 
buiness  is  probably  occasioned  only  by  the  water  of  the  re  agent. 

*  l2«^usioN  or  GALLS  produces  a  white  or  slightly  yellowish 
prec^tate. 

Hybbosulfbubbt  of  ammonia  produces  a  red  *  precipitate 
of  sulphmet  of  antimony^  completely  soluble  in  an  excess  of  the 

re-agent. 

*  The  application  of  heat  promotes  this  redissolution,  which  is 
more  easily  effected  also  when  the  hydrosulphuret  of  ammonia 
is  yellow,  and  has  been  prepared  for  some  length  of  time,  or 
when  some  finely  levigated  sulphur  has  been  added  to  it.  If 
the  solution  of  oxvde  of  antimony  contains  other  metallic 
Qxydes,  such  as^  for  example,  oxydcs  of  iron,  of  leadj  of  copper, 
ke.,  they  are  of  course  precipitated,  and  separated  as  black 
insoluble  sulphurets,  whilst  the  sulphuret  of  antimony  dissolves 
in  the  excess  of  tlie  rc-agent. 

An  aqueous  solution^  or  a  current  of  sulphuretted  hydro- 
gen O  AS,  causes  a  red  *  precipitate  of  sulphuret  of  antimony  in 
add,  and  in  neutral  solutions  of  sesquisalts  of  antimony.  If 
the  solution  of  antimony  is  neutral  and  diluted,  the  effect  of 
sulpliuretted  hydrogen  at  first  is  to  impart  to  it  a  red  colour 
without  producing  any  precipitate ;  but  by  adding  muriatic 
add,  or  merely  heating  the  liquor,  a  predpitate  immediately 
appears*. 

^  The|Mdpititedadpliiii«tiif  •iitiiaoDjisoniig»>i^ — Ed, 

'  Orange-red. — Ed. 

'  The  prototralpliuret  of  antimony  thus  precipitated  is  readily  sohible  in  potasli, 
tn\d  couaequenfly  sulphuretted  hydrogen  cannot  form  a  prcripitate  in  alkaline  solu- 
ti(»n8 ;  or,  at  any  rate,  tlie  whole  of  the  antimony  csuinot  be  thus  precipitated. 
Protosulphuret  ui  uuiimony  is  also  soluble  in  the  alkaline  sulphurets  and  in  concen- 
tntod  bqiii^g  mnriatie  mad,  with  evolution  of  sulphoMMod  hydrogen  gas.  If  oxyde 
of  eopper  be  pat  in  the  lolnticii  of  snlpharet  of  utiinoDgr  in  potuh,  and  wholo 
iMrikd  togodier,  the  reaolt  will  be  *  pneipitele  of  eolphnret  of  copper,  and  osjde  of 
■ntSnoiqr  will  lemain  diswrfved  in  the  potMh^Eo. 
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A  bar  of  metallk  zinc,  plunged  in  soliitioii  of  antimony, 
precipitates  antimony  in  the  metallic  state,  under  the  form  of  a 
black  powder 

The  seaquisalta  of  antimony  cannot  be  calcined  in  contact 
with  the  ah*,  without  bemg  TolatiliBed  or  deoompoeed. 

Their  solutions  are  always  acid,  and  redden  litmus  paper. 

Almost  all  the  combinations  of  sesquioxyde  of  antimony, 
which  aie  insoluble  in  water,  are  soluble  in  muriatic  acid. 
Sulphuietted  hydrogen  is  the  best  re-agent  for  detecting  the 
presence  of  oxyde  of  antimony  in  such  a  solution;  and  the  acid 
with  which  the  oxyde  was  couibincd  may  be  discovered  in  the 
liquid  filtered  from  the  sulpburet  of  antimony  produced.  If 
the  insoluble  combination  consisted  of  oxyde  of  antimony  and 
of  a  base,  that  base  is  also  contained  in  this  filtered  liquid  in 
the  state  of  a  chloride. 

Before  the  blow-pipe,  the  salts  of  antimony  being  mixed  with 
soda  are  reduced  in  the  interior  flame  into  metallic  antimony, 
which  after  fusion  continues  for  a  long  time  to  emit  thick  white 
fumes,  and  when  these  white  Aimes  cease,  the  metallic  bead 
becomes  covered  with  a  network  of  crystals,  which  consist  of 
oxyde  of  antimony;  *  the  chai-coal  is  covered  with  a  white  fur. 

The  behamur  of  oxyde  of  antimony  towards  the  solution  of 
sulpburetted  hydrogen,  and  hydrosulphuzet  of  ammonia*  is  its 
most  distinctive  character. 

*  The  presence  of  organic  substances  may  modify  the  deport- 
ment of  re-agents  towards  solutions  of  oxyde  of  antimony*  in 
▼iiiious  ways.  Several  of  these  substances  hinder  the  preci- 
pitation of  the  oxyde  by  water.  This  is  always  the  case  when 
non-volatile  organic  acids  are  added  to  the  solutions.  Volatile 
organic  substances,  such  as  alcohol,  either  pure  or  containing 
ether,  do  not  prevent  the  solution  of  oxyde  of  antimony  from 
turning  milky. 

'  If  the  solution  contains  free  murialie  or  wlplmrie  acid  in  sufficieat  qosiltily 

to  produce  a  rapid  evolution  of  hydrogen  gas,  the  gae  in  the  nMOent  state  com- 
bines \\\th  a  jKirtion  of  the  reduced  antimony,  and  formH  nntimonint/^d  liy<lro<^pn  ; 
about  which  moro  will  be  said  when  we  come  to  the  tlotection  of  ai-st  riic.  If  ihe 
solution  contains  free  nitric  acid,  tlie  reduced  antimony  is  mixed  with  oxyde  of 
Mitinioiiy'— 'Eo. 
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*  Tartaric  acid  is  the  organic  substance  wliicli,  even  in  small 
quautity^  more  particularly  prevents  a  solution  of  antimony  from 
being  decomposed  by  water.  But  its  influence  does  not  stop  tbere; 
it  also  changes  the  mode  of  action  of  almost  all  the  other 
re-agents.  As  it  frequently  happens^  in  analytical  researches^ 
that  oxvde  of  antimony  is  met  with  dissolved  in  the  state  of 
tartrate  of  antimony  and  potash  (tartar  emetic),  it  is  important 
to  know  the  behaviour  of  this  salt  towards  re-agents. 

*  The  aqueous  solution  of  tartar  emetic  is  perfectly  limpid, 
and  not  milky,  owing  to  the  presence  of  tartaric  acid. 

*  A  small  quantity  of  solution  of  potash,  poured  in  a  solution 
of  tartar  emetic,  produces  an  immediate  white  precipitate  of 
oxyde  of  antimony,  completely  and  easily  soluble  in  an  excess 
of  the  re-agent. 

*  Ammonia,  even  in  large  quantity,  does  not  at  once  deter- 
mine any  turbidness ;  but  after  a  time  a  white  precipitate  is 
produced,  which  is  insoluble  in  an  excess  of  the  re-agent. 
When  the  whole  has  been  left  at  rest  for  a  yery  long  tim^ 
the  liquid  which  is  separated  from  the  precipitate  by  filtering 
contains  some  oxyde  of  antimony,  though  not  much. 

*  A  solution  of  CARBONATE  oi  ToTASH  produccs,  uot  at  once, 
but  only  after  a  time,  a  white  precipitate  of  oxyde  of  anti- 
mony insoluble  in  an  excess  of  the  re-agent.  The  liquid  which 
is  filtered  firom  this  precipitate  still  retains  much  oxyde  of 
antimony. 

*  A  solution  of  bicabbonate  or  potash  behaves  almost  in 
the  same  manner. 

*  A  solution  of  ca&bonats  of  soda,  ditto. 

*  A  solution  of  CARBONAra  OF  AMMONIA,  ditto. 

^  A  solution  of  FHosFHATB  OF  SODA  pToduces  DO  pTCcipitate 
in  that  of  tartar  emetic,  even  after  a  long  time. 

*  A  solution  of  oxalic  acid  produces  a  precipitate  only  after 
a  long  time;  this  precipitate  is  inconsiderable  and  insoluble  in 
an  excess  of  the  re-agent;  the  liquid  filtered  therefrom  retains 
still  much  oxyde  of  antimony. 

*  A  solution  of  mukiatic  acid  poured  in  small  quantity  in 


Digitized  by  Gopgle 


186 


OXYDS  OF  ANTIMONY. 


one  of  tartar  emetic,  at  once  produces  an  abundant  precipitate, 
most  easily  soluble  in  an  excess  of  the  re-ageut. 

*  Nitric  acid,  likewise,  detenniiies  a  precipitate,  but  which 
is  insoluble  in  an  excess  of  the  add.  The  liquid  filtmd  there- 
firom  retains  still  some  oxyde  of  antimony. 

*  Sulphuric  acid  (diluted)  produces  a  precipitate  which  is 
insoluble  in  an  excess  of  acid.  The  liquid  filtered  from  the 
precipitate  contains  much  ozyde  of  antimony. 

*  Acetic  acid  does  not  trouble  the  solution  of  tartar  emetic ; 

*  Tartaric  acip,  the  s.ime. 

*  A  solution  of  fbr&ocyanu&et  of  potassium  produces  no 
precipitate. 

*  A  solution  of  tbrbictanurbt  ov  potassium  produces  no 

precipitate. 

*  Imi  sion  01'  GALLS  at  once  produces  an  abundant,  bulky, 
whitish-yellow  precipitate. 

*  Hydrosulphuret  of  ammonia  determines  a  red  preci- 
pitate of  sulphuret  of  antimony,  which  an  excess  of  the  re-agent 
redissolves  under  the  same  conditions  as  that  which  it  produces 
ill  other  solutions  of  oxyde  of  antimony,  (page  183). 

*  Aqueous  solution,  or  a  current  of  sulphuretted  uydrooen 
OAS,  produces  no  precipitate  in  dilute  solutions  of  tartar  emetic. 
In  such  cases  the  solution  only  assumes  a  deep-red  colour,  and 
the  red  precipitate  of  sulphuret  of  antimony  appears  only  when 
a  small  quantity  of  some  acid  is  added,  or  when  the  liquid  is 
hcjited,  or  else  when  it  is  left  for  a  long  time  at  rest. 

*  The  precipitate  of  sulphuret  of  antimony^  which  sulphu- 
retted hydrogen  determines  in  solutions  of  ozyde  of  antimony, 
ma}  ac(itdre  another  colour  from  the  presence  of  several  organic 
substances,  f  For  example,  when  albuminous  liquitls  have  been 
added  to  a  solution  of  tartar  emetic,  the  solution  of  sulphuretted 
hydrogen  gives  a  yellow  colour;  and  if  any  portion,  however 
small,  of  an  acid  be  added,  a  voluminous  yellow  precipitate  is 
produced,  which  remains  suspended  for  a  long  time. 

*  We  shall  treat  of  autimonious  and  autiuumic  acids,  wliich 
are  two  higher  degrees  of  oxydation  of  antimony,  iu  the  section 
on  acids. 
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36.  OXYDES  OF  MOLYBDENUM, 
l*.  PROTOXYDE  OF  MOLYBDENUM,  MoO. 

*  The  hydrate  of  protoxyde  of  molybdenum  is  black  when  it 
has  been  obtained  by  precipitating  it  by  means  of  an  excess  of 
ammonia,  the  solution  of  an  alkaline  molybdate  first  rendered 
acid  by  the  addition  of  muriatic  add,  and  then  treated  by  smc, 
[according  to  the  method  indicated  by  Beraelins].  Heated  in 
contact  with  the  air,  it  is  converted  into  molybdic  '  acid.  It  is 
very  soluble  in  muriatic  acid ;  the  solution  is  of  a  very  deep 
black  cokrar;  diluted  with  mnoh  water,  it  is  brown.  This 
solntion  behaves  towards  re-agents  m  the  following  nuumer : — 

*  A  solntion  of  potash  produces  a  brownish-black  precipitate 
of  hydrate  of  protoxyde  of  molybdenum^  insoluble  in  an  excess 
of  the  re-agent. 

*  Ammonia,  the  same. 

*  A  solution  of  cabbonatb  of  potash  gives  a  blackish-brown 

precipitate  of  hydrated  protoxyde  of  molybdenum^  slightly  soluble 
in  an  excess  of  the  re-agent. 

*  A  solution  of  BicAaaoNATs  or  potash  behaves  in  the  same 
manner. 

*  A  solntion  of  cabbonatb  op  ammonia  also  determines 

a  blackish-brown  precipitate  of  hydrate  of  protoxyde  of 
molybdenum,  completely  soluble  in  an  excess  of  the  re-agent. 

*A  solution  of  phosphatb  op  soda  produces  a  blackish- 
brown  precipitate  of  phosphate  of  protoxyde  of  molybdenum. 

*  A  solution  of  oxalic  acid  gives  no  precipitate. 

*  A  solution  of  ferroc vanuret  of  potassium,  and 

A  solution  of  perricyanubbt  or  potassium,  both  determine 
a  precipitate  of  a  reddish-brown  colour. 

*  Htdbosvlpbubbt  op  ammonia  produces,  in  solutions  of 

>  The  hydmle  of  protoxyde  of  nolybdommi  ifaiui  noeot^  pne^ltated  !•  bkek, 
btti  whilst  being  waahed  on  the  filter  its  colottr  beoomee  lighter  and  brownieh, 
which  is  doe  to  an  indpient  degree  of  higher  oxydiafttioiu-^Ei*. 
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protosalts  of  molybdenum,  preyiously  saturated  with  ammonia, 
a  brownish-yellow  precipitate  of  suljiliuret  of  molybdenum, 
which,  if  the  solution  of  protosalt  of  molybdenum  contains 
no  oxyde  of  sine,  is  completely  tolable  in  an  exceis  of  the 
re-agent  ** 

*  An  aqueous  solution,  or  a  cuiTCut  of  suLruuRETTEu  hvdro- 
0£N  GAs^  does  not  at  first  produce  any  precipitate  in  solutions  of 
protosalts  of  molybdennm;  but  after  a  time  a  bhickish-brown 
precipitate  appears^  which  is  snlphnret  of  molybdenum. 

*  The  combinations  <tf  protoxyde  of  molybdenum  with  the 
acids,  which  in  a  free  state  are  verj^  volatile,  art*  decomposed  by 
exposure  to  a  red  heat  in  contact  with  the  air,  and  the  prot- 
oxyde of  molybdenum  beoomesthen  convertedinto  molybdic  acid« 

*  Before  the  blow-fips^  protoxyde  of  molybdenum  is  recog- 
nised, because  it  communicates  to  raicrocosmic  salt,  when  fused 
upon  a  wire  of  platinum  in  the  interior  flamCi  a  fine  green 
colour^  which  is  more  distinct  after  cooling.  In  the  exterior 
flame  the  colouring  is  more  feeble^  and  cannot  be  preserved  so 
well  after  cooling.  Protoxyde  of  molybdenum,  treated  with 
borax  in  the  interior  flame  of  the  blow-pipe,  dissolves  therein, 
and  communicates  to  the  fused  bead,  not  a  green^  but  a 
reddish-brown  colour.  Treated  with  soda  upon  charcoal  it  is 
reduced  into  metallic  molybdenum,  which  may'be  obtained, 
under  the  t<xna  of  a  metaUic  grey  powder,  by  washing  off  the 
charcoal. 

*  The  compounds  of  protoxyde  of  molybdenum  are  mare 
principally  distinguished  firom  other  substances  by  their  be- 
haviour before  the  blow-pipe.   Thus  treated  they  differ  from 

the  compounds  of  copper,  because,  after  addition  of  tin,  they  do 
not  coumumicate  a  brown  colour  to  microcosmic  salt ;  from  the 
compounds  of  iron,  because,  in  the  exterior  flame,  they  do  not 
give  a  reddish-brown  colour  to  microcosmic  salt;  from  the 
oxydes  of  uranium,  because  these,  when  heated  with  borax 

'  Oxyde  of  zinc  not  bciug  soluble  in  any  excew  of  hydrotolphuret  of  »muioaia. 
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iu  the  exterior  flame,  give  it  a  colour  which  is  sensiblj  yd- 
bir.  But  besides  this^  in  analysis  in  the  humid  way^  the 
protosalts  of  molybdenum  may  be  Tery  well  distinguished  hy 
the  tlaik  colour  of  their  solution,  ^vhich  character  has  some 
analog^'  with  those  of  scsquioxyde  of  manganese  ;  but  they  are 
more  especial^  recognised  by  the  precipitate  produced  by  hydro- 
sulphuret  of  ammonia^  which  precipitate  is  easily  soluble  in  an 
excess  of  the  re-a^nt,  a  character  which  perfectly  identifies  the 
molybdous  combiuatious  from  the  other  compounds  which  it 
may  resemble. 

2'.  DEUTOXYDE  OF  MOLYBDENUM,  MoO.. 
{Oxydc  Moij/bdiqw.) 

*  Dbutoxtdb  of  molybdenum  is  obtained  in  the  dry  way 
by  heating  to  redness  an  alkaline  molybdate  with  muriate  of 

ammoniii,  and  treating  the  mass  by  water.  Deutoxyde  of 
molybdenum  is  blackish-brown,  and  insoluble  in  acids.  It  is, 
however,  possible  that  it  may  contain  a  certain  quantity  of 
molybdenum.  The  hydrate  of  dentozyde  of  molybdenum  is 
brown  and  bulky,  soluble  in  acids,  to  which  it  imparts  a  brownish 
colour ;  it  is  also  sUghtly  soluljle  in  pure  water this  solution 
has  a  brownish  colour,  and  feebly  reddens  litmus  paper,  yet,  in 
order  to  precipitate  the  hydrate  from  such  a  solution^  it  suffices 
to  dissolye  a  salt,  for  example  sal  ammoniac^  therein.  When 
moist  hydrate  of  deutoxyde  of  molybdenum  is  left  exposed  to 
the  air  for  a  long  time,  it  absorbs  oxygen,  and  its  surface 
becomes  green  or  blue,  whilst  the  water  which  is  poured  upon 
it  assumes  a  green  colour.  The  corresponding  deutochlohde  of 
molybdenum  is  obtained  by  heating  metallic  molybdenum  in 
an  atmosphere  of  chlorrne  gas.  In  the  dry  state  it  has  a  metallic 
lustre,  and  a  black  colour ;  it  fuses  at  a  gentle  heat,  and  is 
volatilised  under  the  form  of  a  deep  red  gas.    This  chloride  is 

'  But  it  is  insoluble  in  saline  Bolutions.  It  should  tliereforc  he  wnslicd  whh  s 
Rolution  of  sal  ammoniac,  which  salt  may  aftfrwartls  be  removed  b^v  alcohol.  Yet 
hydrate  of  deutoxyde  of  molybdenum  is  siigbtiy  soluble  in  solution  of  sal  lUumoiUAC, 
bot  nmcli  1m»  m  dwa  in  pa*  mtar. — ^En^ 
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soluble  in  water The  conccutrated  a([ueous  solution  has  a  black 
colour,  which  becomes  brown,  and  laatly,  yeUow,  by  addition  of 
water.  If,  however,  the  dentochloride  of  molybdennm  contains 
any  trichloride,  which  is  the  case  when  the  metallic  molybdenmn 
which  has  betni  tn^ated  by  gaseous  chlorine  contained  a  little 
deatoxyde  of  molybdenum^  it  dissolves  in  water,  to  which  it 
commnnicates  a  fine  blue  colour. 

*  Solution  of  deutoxyde  of  molybdenum  in  acids  behaves  in 
the  following  manner  towards  re-agents : — 

*  A  solution  of  potash  produces  a  voluminous  brownish- 
black  precipitate  of  hydrate  of  deutoxyde  of  molybdenum, 
insoluble  in  an  excess  of  the  re-agent*. 

*  Ammonia  behaves  in  the  same  manner. 

*  A  solution  of  carbonate  of  potash  prodnces  a  light-brown 
precipitate  of  hydrate  of  deutoxyde  of  molybdenum,  soluble  in  an 
excess  of  the  re-agent 

*  A  solution  of  bicabbonatb  of  potash  produces  a  hght* 
brown  precipitate,  soluble  m  an  excess  of  the  re-agent. 

*  A  solution  of  cabbonatb  of  ammonia,  the  same  \ 

*  A  solution  of  phosphate  of  soda  gives  a  brownish-white 
precipitate  of  phosphate  of  deutoxyde  of  molybdenum. 

*  A  solution  of  oxAtic  acid  produces  no  precipitate. 

*  A  solution  of  fbbboctanubbt  of  fotabsivm  gives  a  brown 
precipitate. 

*  A  solution  of  ferricyanukkt  of  potassium  gives  a  brown 
precipitate. 

*  Deatochloride  of  molybdenum  dlfisolves  in  water  with  §o  much  violence  that  the 
liquid  appears  as  if  it  were  boiling,  and  effervcMMMif  a  gaa  were  diiengiged^  whieh 
however  is  not  the  case.—  En, 

*  When  albdics  are  added  to  a  neutral  solution  of  deutoxyde  of  molybdenum  in 
adds,  it  generally  occurs  that  tiie  imiiMdiate  precipitote  whieh  is  then  formed  is 
vediMohed.  This  is  owing  to  bydnrte  of  deatoxyde  of  nolybdeDiiin  being  aohd)le 
in  water,  from  wUeb  it  ia  pree^tated  oi4y  when  tiie  liquid  is  mixed  with  a  aondent 
qunntity  of  the  fall  hj  wUch  it  ifl  displaced. — Ed. 

^  BerzcliiiB  savp,  whfii  a  solution  of  deutoxyde  of  molybdenum  in  carbonate  of 
potash  contained  in  an  open  vessel  is  thus  left  to  itself,  it  gradually  aasumee  another 
colour  and  Incomes  transformed  into  a  molybflatc— Ed. 

*  According  to  Dcrzelius,  the  solutiou  of  hydrate  of  deutoxyde  of  molybdenum  in 
carbemle  of  Mnmeidn  it  entirely  precipitated  by  eboUition. 
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*  II  vniiosuLPHURET  OF  AMMdMA  produccs,  in  solution  of 
deatoxyde  of  molybdenum  saturutcd  with  ammouia^  a  brownish- 
yellow  pfecipitate  of  ralphuret  of  molybdenum^  soluble  in  an 
excess  of  tbe  re-agent,  and  winch  is  precipitated  from  sudi  a 
solution  by  muriatic  add. 

*  An  aqueous  solution,  or  a  current  of  sulphuretted  iiydro- 
GBM  GAS,  at  first  jdelds  no  precipitate ;  but  after  some  time  a 
brown  precipitate  of  sulphuret  of  molybdenum  is  formed. 

*  Before  the  BLOw-rm,  deutoxyde  of  molybdenum  behaves 
like  the  protoxyde. 

*  The  combinations  of  deutoxyde  of  molybdenum  arc  distin- 
guished irova  other  combinations  which  they  may  resemble^  by  the 
same  characters  which  have  been  mentioned  in  reference  to  the 
protoxyde  of  molybdenum ;  but  the  combinations  of  proto  and 
of  deutoxyde  of  molybdenum  are  with  difficulty  distin^ished 
from  each  other,  because  both  behave  nearly  in  the  same  man-  , 
ner  with  most  re-agents.  The  best  method  of  establishing  a 
distinction  between  them  consists  in  taking  into  consideration 
the  solubility  of  protoxyde  of  molybdenum  in  carbonate  of 
potash,  which  is  greater  than  that  of  the  deutoxyde  in  this 
re-agent 

*  When  we  come  to  treat  of  acids,  we  shall  have  occasion  to 
speak  of  the  highest  degree  of  oxydisation  of  molybdenum, 
namely,  molybdic  add,  and  of  its  blue  combinations  with 
deutoxyde  of  molybdenum. 

S6.  OXYDB  OF  TUNGSTEN,  W0..> 

(OSVIOXTOB  OF  nmOKBS.] 

{Oxyde  Tunystiqwe,) 

*  OxYDE  of  timgsteu  is  obtained  in  the  dry  way,  by  treating 
alkaline  tuugstates  with  muriate  of  ammonia,  and  treating  the 

'  Arrorflinj;  to  BcrzeliuB,  Uic  saiit^^  of  deutoxyde  of  inolyb<k'nuni,  which  are  insoluble 
in  water,  dissolve  by  degrees  in  an  alkaline  solution,  aa  the  oxyde  becomes  gradually 
ooiiTerted  into  an  add,  a  phcnonunon  whidi  doet  not  take  plaoe  if  <he  Lipid  eon- 
teina  no  alkalL — Ed. 

*  Tho  aloiide  qmbol  W  for  TnqgplHi,  is  fakm  firom  the  name  WoUram,  tnm 
tlw  GomiMi  apptihtioB  ofiiie  miMnl  in  iriddi  it  was  foond^En. 
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mass  by  water  after  it  has  been  exposed  to  a  red  heat.  It  has  a 
black  colour  :  sometimes,  however,  it  is  yellowish  ;  but  in  such  a 
case  it  is  ordinarily  combined  with  some  alkali.  When  strongly 
heated  in  contact  vith  the  air,  it  absorbs  oxygen,  and  is  con- 
verted into  tnngstic  acid.  It  does  not  dissolve  in  acids,  and  in 
general  it  appears  uot  to  have  the  power  to  combine  with  them. 

*  Before  the  blow-pipe,  oxyde  of  tungsten  may  be  recognised 
by  the  fine  blue  colour  which  it  communicates  to  microcosmic 
salt  in  the  interior  flame;  this  colour  generally  disappears  in 
the  exterior  flame,  especially  by  fusing  the  bead  upon  a  wire  of 
platinum.  When  oxydc  of  tunjrsten  contains  iron,  the  bead 
acquires  a  blood-red  colour  in  the  interior  flame.  Borax  is  not 
coloured  blue  by  oxyde  of  tungsten  in  the  interior  flame ;  it  only 
becomes  yellow  or  red.  When  oxyde  of  tungsten  is  treated  with 
a  little  soda  upon  charcoal  in  the  interior  flame  of  the  blow- 
pipe, a  grey  powder  is  obtained,  which  is  metallic  tungsten. 
After  removing  the  charcoal  by  levigation,  if  more  soda  be 
added,  a  combination  of  oxyde  of  tungsten  with  soda  is  often 
obtained,  whidbi  has  a  yellow  colour,  and  a  metallic  lustre. 

*  The  higher  degree  of  oxydisation  of  tungsten  will  be  spoken 
of  when  we  come  to  acids. 

87.  0XYDE8  OF  VANADIUM. 

*  The  reactions  indicated  in  this  article  are  extracted  from 

the  Memoir  of  Berzelius  upon  Vanadium. 

1*.  PnOTOXYDE  OF  VANADIUM,  VO. 
(Somnaejfde  dt  Vmadkm.) 

When  protoxyde  of  vanadium  has  been  obtained  by  the  reduc- 
tion of  vanadic  acid  by  means  of  hydrogen  gas,  with  the  help  of 
a  red  heat,  it  is  black,  and  has  a  semi-metallic  lustre.  It  is 
infusible;  heated  in  the  air  it  ignites,  bums  like  tinder,  and  is 
converted  into  black  oxyde.  Exposed  to  the  air  it  begins  after 
a  short  time  to  oxydise,  and  if  it  then  be  thrown  into  water,  the 
liquid  turns  green,  a  phenomenon  which  takes  place  so  much  the 
more  rapidly,  as  the  temperature  at  which  the  reduction  of  the 
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oxyde  has  beeu  effected  was  less  elevated.  Acids  and  alkalies 
do  not  diaaolre  protozyde  of  vanadium ;  yet  when  it  is  left  for  a 
long  time  in  contact  with  these  le-agents  it  piodnees  compounds 
ef  dentozyde  of  vanadium  with  the  acid  or  the  alkali  which  has 
been  employed,  and  thereby  the  water  becomes,  of  course, 
coloured.  Acids  do  not  dissolve  protoxyde  of  vanadium,  even 
at  a  boiling  heat.  We  most,  however^  except  nitric  add,  which 
dissolves  it/  assnming  at  the  same  time  a  blue  oolonr,  and 
disengaging  nitric  oxyde  gas. 

3*.  DBUTOXYDB  OF  YANABIUH,  YO,. 

*  Obtained  in  the  dry  wav,  deutoxvde  of  vanadium  is  black, 
of  an  earthy  appearance,  and  is  inf  usible  at  the  temperature  at 
which  glass  softens.  Hydrate  of  deutoxyde  of  vanadium  is  a 
wldtish-gfey  light  mass  which  settles  with  difficulty  in  water. 
When  the  contact  of  the  air  has  been  avoided  whilst  dr3ring  it,  it 
retains  its  grey  colour  after  exsiccation ;  but  if  this  precaution 
has  not  been  taken  it  has  a  slightly  bluish  tinge.  This  effect 
is  likewise  produced  when  the  dry  oiyde  is  kept  in  vessels  con- 
taining atmospheric  air.  The  hydrate  obtained  by  tiiie  predpi- 
tation  of  the  solution  of  its  salts  by  means  of  solution  of  carbonate 
of  soda  always  contains  a  little  carbonic  acid ;  this  carbonic 
acid  is  only  in  very  minute  quantity,  and  does  not  appear  to 
be  an  essential  constituent. 

^  Deutoxyde  of  vanadium  combines  both  with  adds  and 
with  bases.  With  acids  it  forms  salts  of  deutoxyde  of  vana- 
dium. The  hydrate  of  deutoxyde  of  vanadium  is  more  easily 
dissolved  by  acids  than  the  ignited  oxyde ;  in  the  latter  case, 
the  solution  is  slowly  though  completely  effected.  When 
ignited,  deutoxyde  of  vanadium  contains  a  little  vanadiate 
of  deutoxyde  of  vanadium ;  muriatic  acid  dissolves .  it  with 
disengagement  of  chlorine. 

*  Solution  of  salts  of  vanadium  in  water  has  a  fine  blue 
colour,  though  not  very  deep.  That  of  bichloride  of  vanadium 
is  blue,  but  sometimes  it  is  brown.   The  solutions  of  several 
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salts  of  deiitoxydc  of  vanadium  become  green  when  left 
exposed  to  the  air.  They  have  a  sweetish  astringeut  taste^ 
precisely  like  that  of  solutions  of  protosalts  of  iron. 

*The  sdutions  of  the  pure  vixbd  alkaubs  and  of  the 
pure  FiXBD  ALKALiNB  CARBONATES  produce  in  solutiOD  of  dcu- 
tosalts  of  vanadium  a  whitish-grey  precipitate  of  Lvdrate  of 
deutoxyde  of  vanadium^  soluble  in  an  excess  of  alkali.  The 
solution  has  a  brown  colour.  A  larger  excess  of  alkali  pro- 
duces a  brown  prec^itate  of  an  alkaline  Yanadite^  soluble  in 
pure  water,  to  which  it  communicates  a  brown  colour,  but  is 
only  slightly  soluble  in  an  alkaline  water. 

*  Solutions  of  ALKALINE  BICABBONATSS  produce  also  in 
those  of  deutosalts  of  vanadium  a  grey  precipitate  of  hydrate 
of  deutoxyde  of  vanadium,  soluble  in  an  excess  of  the  re-agent ; 
the  solution  has  a  pale  blue  colour. 

♦Ammonia  in  excess  produces  also  a  brown  precipitate, 
which  forms^  it  is  true,  a  brown  solution  with  pure  water,  but 
which  is  completely  insoluble  when  the  water  contains  ammo- 
nisy  owing  to  which  the  supernatant  liquor  of  the  precipitate  is 
colourless. 

*  A  solution  of  ferrocv anuret  of  potassium  determines 
also  a  yellow  precipitate  in  solutions  of  deutosalts  of  vanadium  ; 
this  precipitate  is  a  lenrocyanuret  of  vanadium,  insoluble  in 
acids,  . and  which  turns  green  by  contact  with  the  air. 

*  A  solution  of  pbbricyanuret  op  potassium  determines  the 
formation  of  a  green  gelatinous  mass,  which  is  ferricyanuret  of 
vanadium. 

*  Hydrosulphubbt  op  ammonia  determines  in  solutions  of 
deutoxyde  of  vanadium  a  blackish-brown  precipitate  of  sul- 
phuret  of  vanadium,  soluble  in  an  excess  of  the  re-agent:  the 

solution  has  a  dark  piu'ple  colour. 

*  Sulphuretted  hydrogen  gas  does  not  create  any  pre- 
cipitate in  either  neutral  or  acid  solutions  of  deutoxyde  of 
vanadium. 

*  Inpusion  op  oalls  communicates  to  solutions  of  deutoxyde 
of  vanadium  a  blue  colour  so  intense  that  they  appear  like 
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ink*  If  the  liquid  be  left  at  teat,  a  voluminoiiB  black  preci- 
pitate of  taitnate  of  vapadimn  is  finrmedy  and  tbe  liquid  is 

tnuulncid,  and  slightly  bluisb. 

The  salts  of  deiitoxyde  of  vanadium,  in  the  solid  form,  are 
dark  blue ;  some  of  them,  however,  are  of  a  light-blue  colour. 
Meet  of  them  are  aolable  in  water.  The  snbealts  and  the  anhy- 
dronu  aalts  are  brown,  but  give  a  bine  oolonr  to  the  water  in 
which  they  arc  dissolving. 

The  behaviour  of  deutoxyde  of  vanadium  before  the  ])low-pipe 
is  the  same  as  that  of  vanadic  add,  and  will  be  treated  of  under 
tins  head,  as  also  the  means  by  which  the  combination  of  this 
oxyde  can  be  distingoished  from  other  substances. 

88.  OXYDE  OF  CHROHIUM,  Cr.O.. 

[SBSQCIOXTOB  OP  CBftOMIVM.] 

(O.n/f/t  Chromiqiu.') 

Hydrate  of  oxyde  of  chromium  ia  greenish-grey.  It  is 
easily  soluble  in  acidsy  and  the  solution,  even  dilute,  has  a  deep 
emerald  green  colour;  when,  however,  it  is  seen  through 

transmitted  artificial  light,  it  appears  of  a  violet  colour. 
Hydrate  of  oxyde  of  chromium  loses  its  water  when  submitted 
to  heat.  When  it  begins  to  attain  a  red  heat,  it  suddenly 
becomes  ignited  with  a  vivid  light  \  The  colour  of  the  oxyde 
is  dark  green.  After  ignition,  it  is  insoluble  in  adds  except 
[concentrated]  sulphuric  acid,  which  dissolves  it  with  the 
help  of  heat 

*  Salts  of  oxyde  of  chromium  are  green,  or  of  a  deep  purple 
colour,  such  as  for  example,  that  of  chrome  alum,  which  is  a 
double  salt,  produced  by  the  combination  of  sulphate  of  potash 

>  Thin  phenomciMm  tekw  plaee  in  doMd  as  wdl  m  in  open  vwelg,  and  is  not 
•ttendsd wHh  eiUier  grin  or  bw  of  wdglit.  Alter  cooling  it  is  ofagrMS-gNen 
Mkor,  and  inaolaUe  in  the  acids,  except  concentrated  sulphoric  acid.  Tlie  solu- 
bility in  adds  nmy  be  restored  by  fusion  with  caustic  potA^h  or  with  nitrate  of 
potaah.    In  tliis  it  nnirh  rpsembles  zirconia  and  titanic  acid.-  En. 

2  If  oxyde  of  cliroinium  and  its  compounds  be  fused  with  nitrate  of  potash,  it  is 
converted  into  chromic  acid  which  combining  with  the  potadi  of  the  nitrate  forms 
chruinate  of  potash,  tiie  aqueous  solution  of  whidi  is  yeUow. — En. 
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or  of  ammonia  with  sulphate  of  chromium  (potassio-sulphatc  of 
chromiom).  These  purple  salts  produce  with  water,  iu  the 
cold,  a  purple  solution,  in  whidi  crystalB  are  formed  when  the 

liquor  is  abandoned  to  spontaneous  evaporation. 

^  If,  on  tlic  contrary,  the  violet  aqueous  solution  be  boiled, 
or  even  if  submitted  to  a  more  gentle  heat,  the  liquid  becomes 
emerald-green,  and  the  salt  will  no  longer  crystallise  hy  spon- 
taneous evaporation.  The  solution  of  the  oorrcsponding  chlo- 
ride of  chromium  is  emerald  green;  even  after  ]i;ivin<^  been  sub- 
mitted to  a  heat  which  is  not  higher  than  that  of  boiling  water, 
the  solution  of  chloride  of  chromium  retains  that  colour ;  hut, 
if  it  be  heated  a  little  beyond  that  temperature,  it  becomes  of 
a  peach-blossom  red  colour,  but  the  primitiTe  colour  may  be 
restored  by  merely  adding  water. 

The  solutions  of  oxyde  of  chromium  in  acids,  and  that  of 
salts  of  chromium  in  water  behave  towards  re-agents  in  the 
following  manner : — 

A  small  quantity  of  solution  of  potash  produces  a  light-green 
precipitate  of  hydrate  of  deutoxyde  of  clu*omium,  which,  in  the 
cold,  dissolves  easily  and  completely  in  an  excess  of  the  re-agent. 
The  colour  of  such  solutions  is  green,  having  ordinarily  the 
same  appearance  as  before  the  addition  of  the  potash.  When 
this  solution  is  ])oiled  [for  a  long  time]  the  whole  of  the  oxyde 
of  chromium  is  precipitated;  it  has  a  green  colour,  and  the 
supernatant  hquid  is  as  Hmpid  as  water.  This  precipitate 
appears  also  green  by  artificial  light. 

Ammonia  determines  in  solutions  of  oxyde  of  chromium  a 
bluish-grey  precipitate  of  hydrate  of  oxyde  of  chromium,  which 
has  a  tinge  of  violet.  This  precipitate  appears  entirely  of 
a  violet  colour  by  artificial  light.  The  supernatant  liquid  is 
reddish,  and  contains  as  yet  some  trace  of  oi^de  of  chromium 
which  may  be  precipitated  therefirom  by  a  prolonged  digestion, 
and  likewise  by  boiling '. 

A  solution  of  carbonate  or  potash  forms  in  solutions  of 

'  Dr.  FreteniuB  obeerres,  that  if,  an  exoess  of  ammonia  being  added,  the  mixture 
be  hMted,  tiM  whofe  of  the  Iqpdnted  osgrde  of  cfaNnimi  irill  be  precipitated.— Ed. 
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nxyde  of  cluoniium  a  light  greeu  precipitate  of  hydrate  of  oxyde 
uf  chroiuium,  *  which  contains  a  little  carbonic  acid.  This  pieci* 
pitate  becomes  almoit  bine  hj  long  skandingy  and  viewed  by  arti- 
ficial light  it  appean  violet.  A  sniaU  quantity  of  it  is  dissolved  by 
the  re-agent,  so  that  the  supernatant  liquor  is  green,  and  after 
a  longer  time  it  appears  bluish.  The  precipitated  oxyde  is 
completely  solable  in  a  very  large  excess  of  the  re-agent,  and 
there  is  no  precipitate  by  ebullition  firom  this  sohition« 

A  eolation  of  bicabbonatb  or  potash  prodnces  a  precipitate 
of  a  light  green  colour,  which  has  the  same  composition  as  that 
produced  by  carbonate  of  potash,  and  the  supernatant  liquid  is 
greenish.  By  long  standing  both  this  precipitate  and  super- 
natant liquid  become  bluisb.  The  precipitate  appears  violet  by 
artificial  light. 

A  solution  of  ca&bonati:;  of  ammonia  behaves  iu  the  same 
manner. 

A  solution  of  phosphate  op  soda  produces  a  light  green  pre- 
cipitate of  phosphate  of  oxyde  of  chromium  in  neutral  solutions 
of  oxyde  of  chromium. 

A  solution  (^f  OXALIC  acid,  nothing. 

A  solution  of  FKRROCYANURET  OF  POTASSIUM,  nothing. 

A  solution  of  FE&aicYANU&£T  OP  POTASSIUM,  nothing. 

A  solution  of  chbomatb  of  potash  imparts  a  yellowish- 
bitnrn  colour  to  an  add  solution  of  oxyde  of  chromium  j  if 
ammonia  l)c  added,  a  yellowish-brown  precipitate  of  chromate 
of  oxyde  of  cliromium  is  subsequently  formed,  and  the  super- 
natant liquid  retains  a  yellowish-brown  colour.  A  solution  of 
gliTomHt^  of  potash  poured  in  a  neutral  solution  of  oj^de  of 
chrofmium  determines  an  immediate  yellow  precipitate  of 
c-la-omatc  of  oxyde  of  chromium^  and  the  supernatant  liquor 
has  a  yellowish-brown  colour. 

A  solution  of  iodide  of  potassium  produces  iu  neutral 
solutions  of  oxyde  of  chromium  a  light  green  precipitate  of 
iodide  of  chromium,  soluble  in  muriatic  add. 

HvDRosuLPHURET  OF  AMMONIA  produccs  in  a  neutral 
solution  of  oxyde  of  chromium  a  greenish  precipitate  of  oxyde 
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of  chromium^  *  probably  mixed  with  a  little  anlphiuet  of 

chromium. 

A  solution,  or  a  current  of  sulfuuketted  uydrogen  gab  does 
not  determine  any  precipitate  in  acid  or  in  neutral  solutions  of 
ozyde  of  duomium* 

The  neutral  salts  of  oxyde  of  chromium,  which  are  soluble  iu 
water,  redden  litmus  paper. 

The  salts  of  oxyde  of  chromium,  which  are  soluble  in  water^ 
are  decomposed  by  exposure  to  a  red  heat. 

Most  of  the  salts  of  oxyde  of  chromium  which  are  insoluble 
in  water,  are  soluble  in  ucids ;  when  they  have  not  been  ignited 
their  acid  solutions  behave  very  often  like  the  acid  solutions  of 
pure  oxyde  of  chromium^  so  that  in  many  cases  there  is  a  risk 
of  overlooking  the  add  with  which  the  oxyde  of  chromium 
forms  the  compounds  which  are  insoluble  in  water.  By  having 
recourse  to  the  blow-pipe,  however,  the  presence  ol'  oxyde  of 
chromium  may  soon  be  detected  iu  these  combinations. 

Before  the  blow-pipb^  oxyde  of  chromium  and  its  com- 
binations are  most  easQy  recognised  by  the  fine  emerald-green 
colour  which  they  communicate  to  fluxes.  The  colour  of  the 
fluxes  is  equally  green  in  the  interior  and  in  tlie  exterior  flames, 
at  least  such  is  the  case  with  microcosmic  salt ;  by  this  character 
may  oxyde  of  chromium  be  distinguished  from  protoxyde  of 
copper  [which  produces  a  green  bead  only  in  the  exterior 
flame]. 

*  Most  of  tlie  compounds  of  oxyde  of  chromium  in  the  dry 
state^  are  easily  recognised  by  means  of  the  blow-pipe,  even 
when  there  is  only  the  slightest  trace  of  this  oxyde,  and  may  be 
distinguished  from  the  greatest  part  of  the  combinations  which 
have  hitherto  been  treated  of.  The  solutions  of  the  compounds 
of  oxyde  t>f  ehromium  may  be  recognised  by  their  colour.  They 
may  also  be  distinguished  from  the  green  solutions  of  other 
substancesx  because  the  solution  of  sulphuretted  hydrogen  does 
not  produce  any  precipitate,  and  in  general  does  not  produce 
any  change  in  them. 

*  Oxyde  of  chromium  has  much  resemblance  to  protoxyde  of 
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uranium,  not  only  as  regards  the  coiuur  of  its  solutions,  but 
also  by  its  behaviour  towards  the  blow-pipe;  the  solution  of 
protoxyde  of  uranium^  however^  turns  yellow  when  treated  bj 
nitiic  add,  which  oiy^acB  it ;  and  bj  the  action  of  whidi  it  la 
conyerted  partly  into  manic  acid.  It  diffen  also  from  a 
solution  of  oxydc  of  chromium  by  its  behaviour  towards  the 
solutions  of  oxalic  acid^  of  ferrocyanuret  of  potaasiumj  and  of 
hydrosulphnret  of  ammonia  *. 

The  presence  of  non-vohttile  organic  substances  does  not 
prevent  the  precipitation  of  oxyde  of  chromium  by  alk&lies. 

*  When  we  treat  of  the  acids,  the  highest  degree  of  oxydisation 
of  chromium^  namely  chromic  add,  will  be  examined. 

^  By  reFprriniT  to  the  bcha>'iour  of  potash  and  of  ammonia,  it  will  be  seen  tliat  the 
jitxx'iiutate  prtxluced  ])y  the  first  of  these  tests  in  solutions  of  oxydc  of  chrome,  is 
easily  dissolved  by  an  excess  uf  the  rc-agcnt,and  that  tlie  second  precipitates  oxyde 
ol  chromiaxa  firom  these  solutions;  characters  whidi  belong  also  toahmuna,  which  is 
iikflrwisa  diHolved  1^  an  exeess  of  potaah,  and  precipitated  altogether  by  ammonia; 
hence  the  possibility  of  oreflookbig  the  pveeenoe  of  afamdna  in  the  pvedpitates  of 
oiqrde  of  chromium.  But  by  mixing  the  precipitated  oxyde  of  chromiuBS  wifli  an 
eateoag  of  carbonate  and  of  nitrate  of  potash,  and  keeping  it  fused  for  some  time, 
the  oxyde  of  chromium  becomes  converted  into  chromatc  of  potash,  which  is  soluble 
in  watrr,  whilst  the  alumina  remains  undissolved.  Or,  for  «[aftHtativc  analysis,  Uie 
precipitated  oxyde  of  chromium  may  simply  be  mixed  with  a  large  excesn  of  car- 
bonate of  potash,  which  will  dissolTe  it»  whilst  alomina  is  almost  insoluble  in 
this  nHigent ;  or  die  the  predpitaled  oxyde  of  cfarondnm  may  be  beUed  with  an 
exeev  of  polaah,  wUsli  will  aUogedNr  precipitate  n^iilct  the  ahunina  win  remain 
in  solBtion.— Bd. 
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CHAPTER  L— OXACIDS. 


1.  ACIDS  OF  SULPHUR. 

1°.  SULPHURIC  ACID,  SO,. 
(Acide  Sulphuriquc) 

PuBB  anliydroiu  solphiiriG  acid  is  a  cryitalline^  tough  maw, 
Mflemblmg  asbestiUy  and  wbich  emits  Ycry  thick  white  fbmes 

ill  the  air.  It  is  quite  clear  that  this  dry  acid  can  be  but  very 
seldom  met  with  for  analysis.  Aqueous  sulphuric  acid  is  some- 
times fuming,  {Nordhauien,  or  fuming  oil  of  vitriol),  in  which 
case,  if  tiie  temperatnie  is  somewhat  lowered,  it  yery  easily 
deposits  crystals ;  at  other  times,  and  it  is  under  this  form  that 
it  is  most  often  met  with,  it  is  not  fuming,  but  has  an  oily  con- 
sistency. English  oil  of  vitriol  in  the  pure  state,  both  the  fuming 
and  non-fuming  sulphuric  add,  aie  colourless ;  the  former,  how- 
ever, haB  often  a  brownish  colour,  which  is  created  by  a  veiy 
small  quantity  of  organic  matter.  This  acid  boils  at  a  much 
higher  temperature  than  water,  and  is  not  decomposed  by  ebul- 
lition. It  has  a  violent  destructive  action  upon  organic  sub- 
stances, and  absorbs  the  moisture  of  the  air ;  when  it  is  mixed 
with  alcohol  or  with  water  much  heat  is  developed. 

With  the  bases  sulphuric  acid  forms  salts,  which  are  called 
mtlphates,  amongst  which  the  supersulphatcs  and  the  neutral 
sulphates  are  all  soluble  in  water,  with  the  eiception  of  the 
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eomlniiationa  which  this  acid  forms  with  baryta,  strontia,  oxvdc 
of  lead,  and  lime,  whicli  are  insoluble  or  very  sparingly  soluble 
in  water^  and  which  do  not  dissolve  either  in  ah  esoesa  of  the 
dilute  acida.  Ahnost  all  the  baric  sn^hatea  are  inadnble  in 
wttfeer,  but  dissolve  in  the  dilate'  adds.  'Hie  neutral  sulphates 
are  insoluble  in  strong  alcohol,  excepting  the  combinations  of 
sulphuric  acid  with  peroxyde  of  iron,  oxyde  of  chromium^  and  a 
aniaU  number  of  other  baaea  which  contain  a  largd  ninnbtir  of 
atdmii  ofoiygen* 

*  For  the  purpose  of  detecting  the  smallest  possible  quantity 
of  free  sulphuric  acid,  and  of  distinguishing  it,  in  a  liquid,  from 
that  which  being  combined  with  bases  forma  soluble  salts  with 
tfaem^  finngd  uaea  a  aolution  of  cane  sugar.  Sulphuric  arid  in 
effect  decomposes  sugar  at  a  temperature  of  lOO*'  cent. pro- 
ducing at  the  same  time  peculiar  changes  of  colour,  wliich  vary 
according  to  the  quantity  of  sugar  put  in  contact  with  it.  When 
u  peoe  of  china  is  coated  with  a;  solutfion  of  1  part  of  sugar  in 
SO  of  water,  one  small  dzojp  of  a'Hqmd  containing  1  part  of  sul- 
phuric  acid  in  300  of  water  placed  upon  it^  and  heated  by  steam, 
is  suflScient  to  form  a  spot  of  an  intense  black  colour.  If  the 
proportion  of  water  be  more  considerable,  the  colour  changes, 
and  beccmiea  greenish  when  upon  the  heated  tsarSm  of  solution 
of  sugar  one  drop  of  liquor  is  let  fall  which  contains  no  more 
than  1  part  of  sulphuric  acid  in  8000  of  water. 

*  The  solutions  of  the  neutral  sulphates,  and  of  the  sulphates 
which  redden  litmus  paper,  do  not  produce  this  reaction,  which 
consequently  is  an  excellent  one  finr  the  detection  of  sulphuric 
acid  In  a  free  state  from  that  of  sulphuric  arid  in  a  state  of 
combination. 

*  Neither  phosphoric  acid  nor  other  acids  can  thus  decompose 
sugar,  and  therefore  their  presence  is  no  impediment  to  the  use 
of  the  test. 

The  presence  of  rither  free  or  combined  sulphuric  arid  is 

most  easily  detected  in  salts  which  are  soluble  in  water,  because, 

>  212"  Ftthrenbeit.— Ed. 
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even  in  very  dilute  solutions,  the  addition  of  the  solution  of  a 
bar^i:ic  salt  produces  a  white  precipitate  of  sulphate  of  barytn, 
wliidi  is  not  dissolved  by  the  Airther  addition  of  a  free  acid. 
Tho  baiytio  saltwbich  i«  genfiraQy  employed,  and  m  the  greatest 
number  of  caaea  the  most  anitable  for  the  purpose,  is  chloride 
of  barium ;  and  muriatic  acid  is  the  acid  generally  preferred  for 
the  addition  of  a  free  acid  just  alluded  to.  When  muriatic  or 
nitric  add  has  been  ponied  in  the  solution  of  the  salt  under 
examination^  it  should  be  observed  that  if  a  concentrated  solution 
of  chloride  of  barium  or  of  nitrate  of  baryta  be  then  added,  a  white 
precipitate  of  chloride  of  barium  or  of  nitrate  of  baryta  may  be 
produced^  because  these  salts  are  much  less  soluble  in  free  adds 
than  in  water ;  but  the  addition  of  water  completely  dissolves 
such  predpitates. 

*  When  an  acid  lifjuor  is  not  rendered  turbid  immediately, 
but  only  after  a  time^  by  solution  of  a  barytic  salt,  it  is  certainly 
a  proof  that  it  contains  sulphnzic  add ;  but  that  quantity  is  very 
small,  almost  imponderable;  and  as,  with  the  exception  of  sdenic 
acid,  no  other  add  beside  sulphuric  add  forms  with  baryta  a 
compound  which  is  completely  insoluble  in  water  and  in  dilute 
adds,  it  is  very  easy  by  means  of  the  solution  of  a  barytic  salt 
to  recognise  sulphuric  add  in  solutions,  and  to  distingniah  it 
from  other  adds  *. 

Solutions  of  PR0T08ALTS  OF  LEAi)  likcwisc  determine,  in 
solutions  of  sulphuric  acid,  or  of  the  sulphates,  a  white  predpi- 
tate  of  sulphate  of  lead,  which  differs  from  the  analogous  white 
predpitates  whidi  contain  protoxyde  of  lead,  because  it  is 

^  SaltB  of  bwyta  prodnee  abo  in  BoltttioDS  of  iekiiie  acid  %  white  precipitele, 

which  is  seleniato  of  buyta^  wUch  is  insoluble  in  nitric  Add,  iNit  soluble  in  boiling 
muriatic  acid  under  disengageraent  of  chlonnp,  a  circumstance  which  distinguishes 
it  from  sulphato  of  l)aryta.  The  seleniate  is  thereby  converted  into  a  scleniti*. 
Hydrofluosilicic  acid  is  another  acid  which  produces  also,  with  salts  of  baryta,  a 
white  predpitftie^  whieb  being  ntanost  inaolniile  in  bofh  nitric  and  in  muriatic  acids, 
nri^bemialaben  for  anlphate  of  baryta, firom  wfaldihawwrwit  may  ba  distinguished 
by  testing  tha  aobtioii  wUdi  pradnoad  it  with  a  aalt  of  kad  or  of  atroiiliay  with 
which  hydrofluosilicic  acid  fonns  no  predpitatejandUkowiao  because  the  pradpitato 
of  hydrofluosilicic  acid  and  baryta  docs  not  evolve  the  odour  of  anlphvrona  add 
wlien  lieated  by  the  blow-pipe,  as  deecribed  further  on. — £j>. 
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ixuohible  in  dilute  nitric  add It  is,  bowev er,  far  less  easy  with 
solutions  of  protosalts  of  lead  thau  with  those  of  the  ban  tic 
salts  to  detect  veiy  minute  quantites  of  sulphates  dissolved  in 
a  liquid* 

The  aqueona  aolntion  of  sulphuric  add  and  of  the  sulphates 
are  not  disturbed  by  solution  of  bvlfhuretted  hydrogen, 
provided  the  acid  be  not  combined  with  a  base  susceptible  of 
being  predpitated  by  this  rc-agcnt. 

1^6  presence  of  sulphuric  add  in  the  basic  sulphates,  whidi 
aze  insoluble  in  water,  may  be  detected  by  first  dissolving  them 
in  dUute  miuriatic  acid,  and  then  water  being  added  to  tlie 
liquor,  chloride  of  barium  is  to  be  poured  in,  which  precipitates 
the  sidphuric  add  in  the  state  of  insoluble  sulphate  of  baryta. 

But  in  order  to  detect  the  presence  of  sulphuric  add  in  the 
sulphates  which  are  insoluble,  or  very  sparingly  soluble,  in  water 
and  in  acids, — iur  example,  in  sulphate  of  baryta,  of  stroiitia,  of 
lead,  and  of  lime, — it  is  necessary  to  boil  these  salts  with  a  solu- 
tion of  carbonate  of  potash  or  of  soda;  the  liquor  ib  then  to  be 
filtered,  in  order  to  separate  the  insoluble  portion,  and  this 
filtered  liquor  is  to  be  super-saturated  with  muriatic  add,  and  a 
solution  of  chloride  of  barium  being  now  poured  in,  it  will  pro- 
duce a  white  precipitate  of  sulphate  of  baryta,  if  the  insoluble 
compound  contained  sulphuric  add 

The  neutral  sulphates,  when  their  base  is  an  alkali,  or  baryta, 
strontia,  lime,"protoxyde  of  lead,  or  magnesia,  are  not  decomposed 
by  heat.  Those  the  base  of  which  is  protoxyde  of  manganese, 
protoxyde  of  sine,  oxyde  of  cobalt,  oxydc  of  nickel,  oxyde  of 
cadmium,  and  protoxyde  of  copper,  are  decomposable  by  a  very 

.  >  BniftispfeMjtohiblsinlioieoiMWtntodimiri^ 
depoiito  oyiteli  of  cihkride  ol  lead.— Ed. 

3  Tlic  insoluble  sulphate  in  converted  by  this  treatment  into  sulphate  of  soda, 
whicli  is  soluble,  and  into  nn  insoluble  cnrbonate  of  the  base  wbi^b  ivmwns  on  tbo 
filter.  Fusion  with  the  alkaline  carbonates  produces  the  same  efiect,  tliat  is  to  say, 
by  digesting  the  fused  mass  ^Wth  water  and  filtering,  the  soluble  alkaline  sulphate 
will  be  found  in  the  filtered  liquid,  and  an  insoluble  carbonate  of  the  base  will  be 
bft  Ol  the  lUtff.  With  solpliiito  of  lead,  lum»v«r,1iistirfiidi 
pure  oxyde  nt  lead,  not  oaxbooate  of  lead.— Ed. 
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strong  heat ;  the  deooApomtioii,  however,  is  often  incomplete, 
at  least  when  the  quantity  of  salt  is  large.  The  coiubi nations 
which  sulphuric  acid  forms  with  alumina,  sesquioxyde  of  iron^ 
and  even  with  piotoxyde  of  iron  and  protozyde  of  tin,  are 
more  easily  decomposed  when  heated  in  contact  with  the  air, 
and  ultimately  leave  pure  oxydes  after  having  been  strongly 
heated.  The  combination  of  sulphuric  acid  with  oxyde  of  silver 
leaves  pure  silver  after  exposure  to  a  red  heat ;  that  of  sulphuric 
acid  with  subozyde  or  with  piotozjde  of  mercniy  leaves  no 
resadnnih. 

The  solutions  of  the  neutral  combinations  of  sulphuric  acid 
with  the  alkalies,  with  lime,  magnesia,  protoxyde  of  manganese, 
and  oxyde  of  silver^  do  not  alter  the  colour  of  blue  litmus  paper. 
The  neutral  combinations  of  that  add  with  other  bases  redden 
litmus  paper. 

The  presence  of  sulphuric  acid  in  sulphates,  especially  those 
^he  base  of  which  is  not,  properly  speaking,  a  metallic  ojyde, 
whether  soluble  or  insoluble^  are  recognised  with  the  bix>w- 
pira  in  the  following  manner : — small  portion  of  the  salt  is  to 
be  put  upon  a  clear  and  colourless  bcad^  obtained  by  fusing  a 
mixture  of  soda  and  silica  upon  chaxcoal,  the  whole  being  heated 
in  the  interior  flame;  the  bead  becomes  dark  brown^  or  if  the 
sulphuric  add  was  in  a  small  quantity,  the  odour  becomes  red 
on  cooling.  A  little  of  the  sulphate  may  also  be  heated  with 
soda  upon  charcoal  in  the  interior  of  the  flame,  and  the  fiiscd  mass 
is  to  be  deposited  upon  a  piece  of  bright  silver ;  if  it  be  now 
moistened,  the  piece  of  silver  becomes  black,  or  dark  yellow,  at 
the  point  where  it  was  in  contact  with  the  mass  in  question  \ 

When  the  base  of  the  sulphates  is  a  metallic  oxyde,  the  pre- 
sence of  sulphuric  acid  may  be  detected  therein,  in  most  ca^cs, 
by  means  of  the  blow-pipe  ;  for  they  then  emit  the  smell  of  sul- 
phurous acid  gas  when  they  are  brought  to  a  red  heat  upon 
•charcoal.  But  a  more  accurate  method  consists  in  putting  a 
small  quantity  of  the  salt  upon  charcoal,  and  heating  it  to 

*  This  diacolouruig  is  owing  to  the  fonnilkn  of  sulphuret  oi  silver. — Eo* 
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fedness^  in  order  to  dissipate  the  .water  of  crystnllisation ;  it  is 
then  to  be  pulveriaed  in  a  small  mortar,  and  mixed  with  a  small 
quantity  of  charcoal  in  powder ;  the  mixture  being  now  heated 
by  the  blow-pipc  in  a  small  glass  tube  closed  at  one  end,  there  is  a 
large  disengagement  of  sulphurous  acid,  which  is  soon  recognised 
as  such  by  its  odour,  and  by  the  property  it  has  of  bleaching  a 
strip  of  mdst  faraiil-wood  paper  intiodnoed  in  the  upper  part  of 
the  tabe. 

The  combinations  of  sulphuric  acid  with  tiie  alkalies  and  the 
earths  do  not  evolve  the  smell  of  sulphurous  acid  when  thus 
treated  hy  chaicoaL 

The  bdunriour  of  solphuzic  add  and  of  the  sulphates  towards 
a  solution  of  baryta  is  perfectly  characteristic,  and  prevents  the 
possibility  of  confounding  this  acid  with  any  other,  except  seleuic 
add,  of  which  we  shall  speak  hereafter. 

♦  Concentrated  (English)  sulphuric  add  dissolves  at  the 
ordinary  temperature  a  great  number  of  non-volatile  and  volatile 
organic  substances,  and  when  care  is  taken  to  avoid  as  much  as 
possible  heating  the  solution,  this  solution  forms  after  dilution 
with  water  a  liquor  which  sometimes  is  colourless,  and  whidi  at 
other  times  is  more  or  less  brown.  In  such  solutions  one  part  of 
sulphuric  add  is  combined  with  the  organic  substance,  in  con- 
junction with  which  baryta,  strontia,  lime,  and  protoxyde  of 
lead  form  salts,  which  most  frequently  are  soluble  or  more 
rarely  are  sparingly  soluble  or  altogether  insoluble  in  water,  in 
consequence  of  which  it  is  imposdble  by  means  of  diloride  of 
barium  to  determine  the  formation  of  a  precipitate  in  solutions 
of  the  salts  which  sulphuric  acid,  combined  with  the  organic 
substances,  forms  with  the  other  bases.  When,  however,  an 
organic  substance  has  been  treated  by  sulphuric  add,  as  we  have 
just  said,  the  whole  of  the  add  is  never  combined  with  it ;  por- 
tions of  it  arc  always  left  in  a  free  state,  and  if  the  whole  be 
diluted  with  water,  the  solution  will  consequently  always  afford 
a  predpitate  of  sulphate  of  baryta  when  tested  by  chloride  of 
barium. 
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d*.  HYP06ULPHU&IC  ACID,  S«0«. 

*  Hyposulphuric  acid  in  the  pure  state  and  in  aqueous 
solutions  is  of  rare  occurrence  in  analytical  chemistry.  In  tliis 
state  it  is  inodoroiis^  and  has  a  powerMly  acid  reaction.  When 
an  attempt  is  made  to  concentrate  it  much  hy  eTaporation,  it  is 
decomposed,  sulphnnras  acid  gas  is  disengaged,  and  suljihuric 
acid  remains.  Hj^jjosulpliuiic  acid  forms  soluble  salts  w'nli  all 
the  bases^  owing  to  which  the  aqueous  solution  of  the  acid  or  of 
its  salts  is  not  precipitated  by  solutions  of  baryta,  strontia, 
Ume^  and  protoxyde  of  lead.  If  a  precipitate  is  framed^  it  is  a 
proof  that  the  liquid  contains  sulphuric  acid  dso. 

*  The  aqueous  solutions  of  hyposulphuric  acid  have  the  same 
deportment  as  that  of  its  salts.  The  latter  may  be  easily 
identified  in  the  following  manner. 

*  When  MUBiATiG  acid  is  poured  in  the  solution  of  a  hypo- 
sulphate,  no  change  is  produced  in  the  cold ;  but  if  the  mixture 
be  then  boiled  a  decomposition  takes  place,  there  is  a  perceptible 
odour  of  sulphurous  acid  emitted,  and  the  liquid  then  contains 
sulphuric  acid,  the  presence  of  which  may  be  rendered  manifest 
by  solution  of  a  baiytic  salt.  In  this  operation  there  is  not  the 
slightest  deposition  of  sulphur.  If  hyposulphuric  add  was  com- 
bined in  the  solution  with  baryta,  strontia,  protoxyde  of  lead  or 
lime,  boiling  it  with  muriatic  acid  causes  an  insoluble  or  verj^ 
sparingly  soluble  precipitate,  which  is  due  to  a  combination  of 
sulphuric  add  with  these  bases. 

*  The  change  produced  by  muriatic  acid  is  more  easily  obtained 
still  by  sulphuric  acid,  which,  in  the  cold,  produces  no  reaction, 
except  that  it  at  once  forms  an  insoluble  precipitate  when  the 
hyposulphuric  acid  is  combined  with  a  base  with  which  sulphuric 
add  forms  an  insoluble  salt ;  but  when  the  mixture  is  heated,  a 
very  distinct  smell  of  sulphurous  add  is  evolved,  which,  in  such  a 
case,  is  more  perceptible  when  muriatic  acid  has  been  employed. 

*  When  dilute  sulphuric  acid  is  added  to  a  solution  of 
green  manganate  of  potash  (mineral  cameleon)  which  imparts  a 
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deep  red  colour  to  the  liquor,  if  some  solution  of  a  hyposulphate 
be  now  added,  the  red  colour  docs  not  undergo  any  change  in 
the  cold;  but  as  aoon  as  the  mixture  ia  boiled  the  liquid 
becomes  discoloured,  because  snlphnrons  acid  is  then  disengaged. 

*  When  MURIATIC  acid  is  added,  in  the  cold,  to  the  solution 
of  a  bjposulphate,  and  if  a  solution  of  sulphubetted  hyd&oqbn 
OAS  be  nest  added  to  the  liquor,  no  sulphur  is  separated,  even 
after  a  long  time,  provided  the  operation  be  made  out  of  con- 
tact with  the  air;  but  if  the  solution  of  hyposulphate  has  at  all 
been  boiled  with  muriatic  acid,  the  addition  of  sulphuretted 
hydrogen  produces  at  once  a  considerable  milkiness,  which  is 
owing  to  a  liberation  of  sulphur,  because  sulphuiio  acid  is  then 
present  in  the  liquor. 

*  When  muriatic  acid  has  been  poured,  in  the  cold,  in  the 
solution  of  a  hyposulphate,  if  a  solution  of  an  easily  reducible 
metal  be  th^  added,  for  example,  solution  of  pcrchloridc  of 
gold,  no  metal  is  precipitated  in  the  cold,  but,  by  boihng,  the 
metal  is  precipitated,  because  sulphurous  add  is  then  Ibrmed, 
which  effects  the  reduction. 

*■  When  the  solution  of  a  hyposulphate  is  treated,  in  the  cold, 
by  NiTBio  ACID,  no  change  is  produced ;  but  as  soon  as  the 
wKole  is  boiled,  yellow  fumes  of  nitrous  acid  are  disengaged, 
the  hyposulphuric  add  is  converted  into  sulphuric  add,  and  in 
fact  tliL're  is  a  production  of  the  latter  acid  in  a  quantity  which 
is  double  that  wliich  is  required  to  saturate  the  base  with  which 
the  hyposulphuric  add  was  combined.  Wherefore,  when 
solution  of  hyposolphate  of  baryta  is  boiled  with  nitric  sdd, 
insoluble  sulphate  of  baryta  is  formed,  and  the  liquor  filtered 
from  this  precipitate  is  found  to  contain  free  sulphuiic  acid. 

*  If  nitric  acid  be  added  to  a  solution  of  the  green  manganate 
OP  FOTASB,  by  which  it  is  rendered  intensdy  red,  and  if  a  solution 
of  a  hyposulphate  be  then  further  added,  the  red  colour  remains 
unaltered  not  oalv  in  tlic  cold  wav  but  also  when  boiled,  because 
the  sulphurous  add  liberated  is  converted  into  sulphuric  acid. 

*  When  a  current  of  oassous  CBLOniNE  is  passed  through 
the  solution  of  a  hyposulphate,  the  hyposu^uric  add  is  not 
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converted  into  sulphuric  acid ;  but  if  the  solution  being  saturated 
with  chlorine  is  then  boiled  this  conversion  is  effected. 

*  Hypoeulpliates  in  the  solid  state  aie  easily  zeoognised, 
because  it  is  sufficient  to  heat  even  a  very  small  quantity  in  a 
glass  tube  blown  into  a  bullj  at  ouc  end,  and  over  a  spirit  lamp, 
in  order  to  perceive  the  smell  of  the  sidphurous  acid  which  is 
evolved.  There  reiuBiiis  in  the  tube  a  neutral  sulphate,  provided 
it  has  been  heated  long  enongli.  Hyposplphates  are  not 
blackened  by  heat. 

*  When  a  hvposulphate  is  projected  in  nitkate  op  potash 
in  the  state  of  fusion,  ruddy  fumes  of  nitrous  acid  are  evolved, 
and  the  hyposulphate  is  converted  into  a  sulphate. 

*  Before  the  blow-pipb,  hyposolpliates  have  tiie  same  reaction 
as  the  sulphates,  when  fused  with  a  globule  of  soda  and  silica ; 
their  comportment  with  a  piece  of  silver  upon  which  they  are 
deposited  after  fusion  with  soda  upon  charcoal  is  also  the  same 
(page  204.) 

*  Hyposulpbates  may  be  recognised  in  solutions,  because, 

when  heated  with  acids,  they  are  converted  into  sulphates  and 
into  sulphurous  acid.  In  the  solid  form  they  are  well  and  easily 
identified  by  the  effect  of  heat  upon  tbem. 

3°.  SULPHUROUS  ACID,  SO.. 
(A  cide  Sulphwetix). 

PuKB  sulphurous  acid  is  a  gas  which  has  a  peculiar  suffo- 
cating odour  by  which  the«smallest  quantities  may  readily  be 
detected*.   Submitted  to  an  intense  cold  and  strong  pressure 

it  may  he  obtained  in  the  form  of  a  limpid  liquid'.  The  gas 
discolours  moist  brazil-wood  paper. 

Sulphurous  add  gas  Ib  soluble  in  water,  but  ia  more  soluble  still 
in  alcohol'.   These  solutions  have  the  characteristic  soffocatuig 

*  This  odour  is  that  which  is  prn  ljiot^d  l»y  l)umin£^  milphur. — Ei>. 

*  Accordinfi:  to  Professor  Faraday,  the  pressure  required  for  the  hquefaction  of 
sulphurous  acid  gas  is  two  Atmospheres;  but  M.  Buasy  obtained  it  iu  the  liquid 
ftnn  at  flie  ovdinaiy  atmoepherie  preBsure,  by  paas'mg  it  through  tnbcs  Bmvaanded 
bj  »  fneibg  mixtan  of  Mlt  tad  •now.— 'Ed. 

*  Aeeof^  to  M .  GnliaiD,  meently  boiled  water  at  mean  tempeiature  and 


^  J  .i^cd  by  Google 


SULPHUBOnS  AOID. 


209 


odour  of  the  gu ;  they  have  alao  a  peculiar  taste,  and  discolour 
Brasil  wood  paper.  By  long  exposure  to  the  air  the  sulphurous 
acid  which  they  coutain  gradually  absorbs  oxygen,  aud  it  becomes 
partially  or  entirely  converted  into  sulphmic  acid. 

The  solutions  of  sulphv&ous  acid  lose  their  odour  by  pro- 
longed ebullition,  becanse  the  acid  is  thereby  voiatilised.  They 
lose  it  also  when  digested  with  peroi^de  of  lead  (brown  oxyde 
of  lead)  because  the  excess  of  the  oxygen  of  the  base  causes  the 
acid  to  pa8s  to  a  higher  degree  of  acidificatioiij  and  the  result  is 
■ulphate  of  protoxyde  of  lead. 

The  solutions  of  the  solnble  sulphites  do  not  exhale  the  odour 
of  snlphnrous  acid  when  they  are  neutral,  but  they  have  the 
peculiar  taste  of  this  acid  even  when  the  s;ilt  euiitaiiis  an  excess 
of  base.  They  tue  recognized  hy  the  odour  of  buliduirous  acid, 
which  they  evolve  when  they  arc  mixed  with  muinatic  acid,  or 
still  better,  with  sulphuric  add ;  in  the  latter  case,  the  sulphurous 
add  smell  is  very  distinct.  If  the  solution  of  the  sulphite  be 
very  concentrated,  sulphurous  acid  is  disengaged  with  cffenes- 
cence  at  the  moment  when  the  acid  is  pour(Kl  in :  the  remaining 
Hqnor  does  not  contain  any  sulphuric  acid  when  the  deoompod^- 
tion  has  been  effected  by  muriatic  add :  no  sulphur  is  deposited 
during  this  decompodtion.  When  nitric  add  is  poured,  in  the 
coldj  in  the  concentrated  solution  of  a  sulphite,  sulphiuous 
add  is  disengaged ;  but  if  the  whole  be  boiled,  there  is  a  dis- 
engagement of  ruddy  fumes  of  nitrous  add,  and  formation  of 
sulphuric  add. 

Sulphurous  add  is  detected  in  solutions  by  adding  sul- 
phuretted HYDROGEN  tlicrcto,  by  which  a  milky  white  preci- 
pitate of  sulphur  is  determined.  If  the  liquor  contain  a  sulphite 
the  predpitate  of  sulphur  does  not  appear,  unless,  before  pouring 
the  solution  of  sulphuretted  hydrogen,  muriatic  add  or  dilute 
sulphuric  acid  has  been  added. 

♦  When  to  a  solution  of  green  mauganate  of  potash  a  little 
sulphuric  add  is  added,  and  by  which  it  is  strongly  reddened, 

pressure  diasohes  .37  volumes  of  fmlphurous  acid  gaa,  but  on©  volume  ol  alcoliul 
tftkee  up  more  thaa  100  volumes  of  the  gms. — Kd. 
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the  solution  of  a  sulpliitc,  or  an  aqueous  solution  of  sulphurous 
acid^  is  further  poured  in^  the  red  colour  is  instantly  dissipated  \ 

When  solutions  of  sulphites  are  mixed  with  those  of  certain 
metallic  salts,  and  a  strong  acid — ^for  example,  muriatic  acid, 
or  dilute  sulphuric  acid — is  furtlier  added^  the  metals  are 
reduced.  From  a  solution  of  percliloride  of  gold,  gold  is 
reduced  even  in  the  cold.  If  the  solutions  of  a  sulphite  be 
mixed  with  a  solution  of  nitrate  of  silver,  at  first  a  white  preci« 
pitate  of  sulphite  of  silver  may  he  dctcnnined,  *  which  is  very 
soluble  in  an  excess  of  the  sulphite,  and  which  in  course  of  time, 
but  more  rapidly  by  boiling,  is  easily  converted  into  metallic 
silver,  which  very  often  coats  the  sides  of  the  vessels  with  a 
bright  silvery  film. 

When  the  solution  of  a  protosalt  of  copper  is  boiled  M'ith  that 
of  alkaline  sulphites,  the  protoxyde  of  copper  is  reduced  in  the 
state  of  suboxyde,  which  combines  with  the  sulphurous  acid, 
and  produces  a  voluminous  light-brown  precipitate,  which  is 
decomposed  by  an  addition  of  dilute  sulphuric  acid.  A  solution 
of  telluric  acid  in  muriatic  acid,  treated  iu  tlic  same  way,  gives 
a  pulverulent  black  precipitate  of  metallic  tellurium;  and  a 
solution  of  selenious  acid  gives  a  cinnabar-red  precipitate^  which 
remains  a  long  time  in  suspension,  and  is  metallic  sdenium : 
the  latter  precipitate  is  reduced  to  a  very  small  bulk,  and 
assumes  a  black  colour  by  boihng. 

*  The  presence  of  very  small  quantities  of  sulphiu-ous  acid 
and  of  sulphites  may  be  recognized  by  adding  to  the  solution  of 
these  bodies  a  solution  of  protoohlobidb  of  tin  in  muriatic 
acid,  or  else  first  adding  muriatic  acid,  and  then  some  pure 
crystals  of  protochloride  of  tin.  After  some  time,  cither  the 
liquor  turns  Ijrown,  and  subsequently  deposits  a  brown  precipi- 
tate, which  consists  principally  of  sulphuret  of  tin;  or  else,  if 
whole  crystals  of  protochloride  of  tin  have  been  employed,  the 
crystals  are  surrounded  by  the  brown  deposit.    The  same 

'  When  iodic  add  k  mixed  wiOi  solphuroiu  mOA,  the  iodie  add  b  d«eainpOMd 

by  the  deoxyd&ting  influence  of  sulphurous  Mid,iuid  free  iodine  may  thenbe  deCeclod 
in  the  liquor  by  adding  Rolutioii  of  stMcb,  which,  hi  the  coId,foniis»bhieooiiiiNMiid 
of  iodine  and  &tarcb. — Ed. 
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phenomenon  often  occurs  when  pure  crystals  of  protochloride  of 
tin  are  dissolved  in  muriatic  acid;  but  this  takes  place  only 

when  the  muriatic  acid  employed  contains  traces  of  H\U])lmrous 
acid,  tlic  presence  of  which  cannot  often  be  detected^  according 
to  Girardin^  in  any  other  way  *. 

Sulphurous  add  forms  soluble  salts  with  alkalies.  Its  com- 
pounds with  the  earths  are  insoluble  in  water,  but  soluble 
in  acids.  Tliis  is  why  a  solution  of  chloride  of  barium  produces, 
in  iieutrMl  solutions  of  sulphites,  a  white  precipitate  of  sulphite 
of  baryta,  which  is  completely  soluble  in  dilute  muriatic  acid. 
But  when  the  solution  of  the  sulphite  has  been  left  exposed  to 
the  air  for  a  lon^  time,  the  oxygen  of  the  air  being  absorbed 
forms  sulphuric  acid,  and  the  precipitate  produced  l)y  cldoride 
of  barium  is  no  longer  completely  soluble  in  muriatic  acid 

A  solution  of  chloride  ov  calcium  likewise  produces  a 
precipitate  soluble  in  muriatic  acid. 

A  solution  of  a  protosalt  of  lsad  produces  a  precipitate 
of  sulphite  of  lead,  which  is  completely  soluble  in  cold  uitric 
acid,  but,  by  boiling,  yellow  fumes  of  nitrous  add  are  disengaged, 
and  insoluble  sulphate  of  lead  is  produced. 

In  the  soUd  form,  sulphites  are  recognised  by  the  odour  of 
sulphurous  acid  which  they  evolve  when  an  acid  is  poured  upon 
them,  and  becansc,  wlien  heated  to  redness  in  a  tube  blown  into 
a  bulb  at  one  end,  they  at  first  begin  to  fuse,  and  are  tUeu 
converted  into  a  metallic  sulphuret  and  a  sulphate.  When  a 
dilute  add  is  poured  upon  the  mass  which  has  been  exposed  to 
a  red  heat,  sulphuretted  hydrogen  is  disengaged,  provided  the 
metallic  sulphuret  is  one  which  can  decompose  water  under  the 
influence  of  the  dilute  acid,  and  consequently  thus  give  rise  to 
a  disengagement  of  sulphuretted  hydrogen. 

*  When  a  portion  of  sulphite  is  projected  upon  nitrate  of 
potash  la  a  state  of  fusion,  there  is  a  diseugtigement  of  ruddy 

>  Meaara.  Fordos  and  Gclis  have  indicated  a  better  metliod  Hull  tlttl  bj 
diktideortintodeteiAtnMWoffldiilniEOwa^  Ibftvedeseribed 
Hhifl  method  tn  the  aeoond  part. — Ed. 

*  The  iaaoliible  portion  being  folphato  of  baryta. — Ed. 

p2 


Digitizeu  by  Coogle 


212 


SITLPHYPOSULPHURIC  ACID. 


fbmeB  of  nitrous  acid^  and  the  sulphite  is  converted  into 
sulphate. 

Before  the  BLow-riPE,  the  sulphites  behave  in  the  same  manner 
as  the  sulphates,  when  treated  with  a  globule  of  soda  and  silica, 
and  when«  after  fusion  upon  charcoal  with  8oda»  they  are  thrown 
upon  a  pece  of  silyer. 

The  sulphites  may  easily  be  recognized  by  the  characteristic 
odour  of  sulphurous  acid,  which  they  emit  wlieii  treated  by 
muriatic  acid  or  by  dilute  sulphuric  acid,  which  evolutioii  is  not 
accompanied  by  separation  of  sulphur. 

^  They  may  also  be  recognized  because  they  evolve  an  odour 
of  sulphurous  acid  when  heated  with  muriatic  acid,  no  sulphuric 
acid  being  thereby  formed,  Avhich  cliaructcr  distinguishes  them 
from  hyposulphates.  They  may  also  be  very  well  distinguished 
from  the  latter  salts  by  the  behaviour  of  their  solutions  towards 
those  of  ddoride  of  barium,  of  caldum,  and  of  protosalts  of 
lead ;  and  also  by  the  manner  in  which  the  sulphites  in  the  solid 
form  beli;i\  t'  wlicii  exposed  to  a  high  temperature.  In  a  word, 
the  properties  which  have  just  been  detailed  establish  such  a 
marked  distinction  as  almost  to  preclude  the  possibility  of 
confounding  them  with  other  salts. 


The  Erench  edition  has  the  following  addition  by  Mons. 
E.  Peligot:— 

♦  Two  new  compounds  of  sulphur  and  oxygen  have  been 
lately  discovered,  so  that  we  now  know  of  six  combinations 
formed  by  these  two  bodies. 

SULPHYrOSULPHURIC  ACID,  S,0.. 

♦  M.  LANOI.OIB  discovered  this  new  acid ;  it  is  a  compound  of 
three  equivalents  of  sulphur  with  five  of  oxygen,  and  he  obt jiined 
it  in  combination  with  potash  by  digesting  for  several  days  well 
levigated  flowers  of  sulphur  in  a  solution  of  bisulphate  of 
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potash.  Tlic  temperature  to  which  the  mixture  is  submitted 
must  not  be  above  OU'  cent.  (110"  Fahr.) 

*  Solphyposulphate  of  potash  crystallises  in  four-sided  prisms^ 
tennmafted  by  dihedral  sununits^  unalterable  in  the  air.  It  has 
a  Intter  saline  taste,  is  Teiy  soluble  in  water,  and  insoluble  in 
alcohol.  It  is  decomposed  by  heat,  and  thereby  transformed 
into  sulphate  of  potash  ujidcr  disengagement  of  sulphurous  acid 
gas  and  deposition  of  snlphur.  It  is  deoomposed  both  by  nitric 
and  bj  snlphnric  add ;  muriatic,  chloric,  and  iodic  acids  have 
no  action  upon  it ;  but  by  treatment  with  perchloric  acid,  the 
sulphyposulphuric  acid  is  easily  isolated 

*  Pure  sulphyposulphate  of  potash,  in  the  cold,  causes  no 
precipitate  iu  solutions  of  salts  of  calcium,  of  barium,  or  o£  lead. 
It  discolours  the  red  solution  of  sulphate  of  manganese,  but  has 
no  action  upon  the  solution  of  sulphate  of  copper.  It  precipitates 
sulphuret  of  mercury  from  the  salts  of  suboxyde  of  merenry, 
and  sidphate  [sulphate  of  suboxyde]  of  mercury  from  the  salts 
[salts  of  protoxyde]  of  that  metal ' .  It  produces  in  solution 
of  nitrate  of  silver  a  yeUowish-white  precipitate,  which  soon 
turns  black  \ 

*  Sulphyposulphuric  acid  is  hquid,  colourless,  of  a  slightly 
astringent  and  bitter  taste.  It  cannot  be  obtained  entirely  pure, 
except  immediately  after  its  separation  from  potash;  concen- 
trated in  vacuo,  it  gradually  undergoes  decomposition,  forming 
sulphiu",  sulpliurous,  and  sulphuric  acids*.  With  the  help  of 
heat  this  decomposition  takes  place  very  rapidly,  and  also  by 
treatment  with  other  adds,  even  those  which  do  not  act  upon 
anlphypoeulphate  of  potash. 

'  The  perdiloric  acid  must  be  cautionaly  added  so  long  M  a  precipitate  of  per* 
chlorate  of  potash  is  formed.  The  clear  liquor  ia  to  be  deeaotod  and  evapofmted  in 
vacuo  over  concentrated  sulphuric  acid. — Ed. 

'  That  is  to  say,  if  poured  in  solution  of  tsubnitrate  of  mercury,  sulpliurct  of 
mercury  is  prccipiUiied^  and  in  solution  of  protoclUoride  of  mercury  (corrosive 
aobfimate)  sulphate  of  meremy  ia  flirown  down. — En. 

*  Salpfaypaaulpbatea  prodnoe  no  precipitate  in  adlotioaa  of  bafinm,  atrootiiun, 
ntagneshim,  ainmintini,  kad,  iron,  line,  nickel,  cobalt,  ofaninm,  fte.,  dee.— Ed. 

*  Thia  daoompoeition,  according  to  M.  iMiglois,  takos  pinco  spontaneously  also, 
but  by  no  means  rapidly,  for  after  ei^tocn  montha  lie  found  moat  of  tbe  add  aa  yet 
undecomposed. — Ed. 
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BISULPUYPOSULPUURIC  AUD,  S^O.; 

OR, 

BISULPUURETTED  HYPOSULPHUlllC  ACID. 

(Jeide  iKiii{^|g»oni(^«tft}Me); 

or, 

(AeitU  Mjipomi^urupie  BmJfwri*) 

«  This  add  was  diaoovered  bj  Messrs.  Fordos  and 

and  it  is  produced  whenever  an  aqueous  solution  of  hypo- 
sulphite is  placed  in  contact  with  iodine;  two  equivalents  of 
hyposulphite  are  decomposed  by  one  of  iodine ;  the  result  is  a 
metallic  iodide^  and  the  equivalent  of  oxygen^  which  was  united 
to  the  metal,  combines  with  the  four  equivalents  of  oxygen  of 
the  h}posidphurous  acid  to  form  tlie  new  acid. 

*  Hyposulphite  of  baryta  is  the  most  appropriate  salt  for  the 
preparation  of  bisulphuretted  hyposulphuric  acid.  This  salt  is 
to  be  held  suspended  in  water,  and  iodine  is  added  until  the 
mixture  begins  to  change  colour,  and  when  the  iodine  and  hypo- 
sulpliite  have  dissolved,  the  new  salt  which  is  then  formed  is 
gradually  deposited,  and  lUtimately  the  liquor  thickens  to  a 
mass,  which  is  to  be  treated  by  alcohol  to  separate  the  free  iodine 
and  the  iodide  of  barium  ^ 

*  By  treating  the  bisulphuretted  hyposnlphate  thus  obtained 
with  the  (j[uantity  of  dihitc  sulj)huric  acid  strictly  necessary  to 
precipitate  the  base,  the  acid  is  liberated,  and  may  be  separated 
from  the  sulphate  of  baryta  formed  by  filtering 

'  Hyposulphite  of  barium  may  be  pr^wrcd  by  precipitating  a  concentrated 
solution  of  hyposulphite  of  soda  by  a  concentrated  aohition  of  acetate  of  baryta, 
and  washing  the  precipitate  with  dihitc  alcohol  to  remove  tlie  acetate  of  soda.  This 
precipitate  is  then  to  be  mixetl  witii  water  to  a  creamy  consistence,  and  ioduie  added 
in  succcssiTe  small  portioos ;  the  mass  diMolfM  rapidly,  owing  to  the  formatioa  of 
iodide  of  beriam,  vani  of  the  mII  of  the  new  add«  whidi  Is  also  aoloble  In  wmter;  tmi 
the  quantity  of  the  new  Mlt  fittmed  heeoming  moare  and  more  eaoaidenUfl^  it 
deposits  in  flakes  at  first,  but  lastly  the  whole  forms  a  thick  inaaa.  Conoentnted 
alcohol  ifl  now  to  be  added,  which  dissolves  the  iodide  of  barium  and  the  exoen  of 
iodine,  and  leaver  the  new  bnrytic  salt  under  the  form  of  a  white  crvRtallino  powder, 
whieh  is  to  bo  well  WH.shctl  \sitli  alcohol  and  dried.  From  this  salt  the  new  acid 
may  be  obtained  as  descrilK  ci.— Ed. 

*  Bis\ilphuzetted  hyposulphate  baiyta  ccmtaans  two  atoms  of  water.  It  may 
be  represented  by  BaO-t-S^O^  +  Q  aq.;  therefore  the  atomic  weight  is  199*24, 
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*  BlSULPIIURETTED   D VPOSl  LPHURIC  ACID   is  COloUl'lcSS,  ino- 

dorous,  with  a  decided  acid  taste.  It  may  be  conoentrated  to 
a  great  extent  without  undergoiiig  deoompositioii ;  yet  it  is 
unstable,  and  even  at  the  ordinary  temperatuie  its  elements 
gradually  separate,  forming  sulplinr,  sulphurous,  and  sulphuric 
adds. 

*  It  is  not  altered  by  dilute  muriatic  or  sulphuric  acids. 
Nithc  add,  on  the  contrary,  has  a  powerful  action  upon  it,  and 
precipitates  sulphur. 

*  It  forms  a  wliitc  precipitate  in  solution  of  protochloride  of 
tin  and  in  protochloride  of  mercury  (sublimate),  a  yellow  preci- 
pitate in  solution  of  subnitrate  of  mercury ;  but  if  there  be  an 
excess  of  salt,  the  predpitate  is  black.  With  nitrate  of  sUver 
the  predpitate  is  at  first  white,  but  in  a  few  moments  it  becomes 
yellow,  and  then  black. — E.  Peligut. 


4°.  HYPOSULPHUROUS  ACID,  Sj,Og. 
{Acidc  HifpowJ^urcujc.) 

*  In  the  pure  state,  or  even  in  combination  with  water,  this 
add  may  be  said  to  be  as  yet  unknown,  because,  in  all  attempts 

made  towards  separating  it  from  its  bases,  by  treating  any  of  its 
salts  by  a  stronger  acid,  it  is  soon  decomposed. 

*■  Its  combinations  with  most  bases  are  soluble  in  water,  yet 
hyposulphite  of  baryta  is  very  sparingly  so,  owing  to  which, 
when  chloride  of  barium  is  poured  in  a  solution  of  a  very 
soluble  hyposulphite,  provided  such  a  solution  be  not  too 
dilute,  a  precipitate  of  hyposulphite  of  baryta  is  formed, 
which,  however,  may  be  completely  dissolved  by  a  large 
quantity  of  water. 

*  Hyposulphurous  add  in  solutions  of  the  hyposulphites  may 
be  detected  in  various  ways. 

which  weight  miuit  be  mixed  with  one  atomic  weight  of  hydrated  sulphuric  add 
prerknuily  dilated  widi  four  times  its  weiglit  of  ivftler  sod  anJIbrad  to  cool,  saall 
portkmB  onfyof  wbicli  maat  be  added  ftt  a  time,  to  imvent  too  great  an  eloTation  of 
lempentnre,  whieii  might  decompose  the  add.  The  liquid  is  then  filtered  to aepante 
the  sulphate  of  baryta,  and  evapomted  in  vacuo  oyer  stdphnrie  add. — £0. 
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*  When  MURIATIC  ACID  is  poured  in  these  solutions,  a 
milkiiicss  is  produced  after  a  time,  which  is  owing  to  a  libera- 
tion qC  sulphoTj  and  which  increases,  whilst  at  the  same  time 
an  odonr  of  sulphnrous  acid  is  evolved.  If  tbe  solution  of  the 
hyposulpliite  is  not  very  dilate,  tbe  | K  cipitated  sulphur  has 
a  yellow  colour,  even  when  the  decumpositiou  by  muriatic  acid 
is  effected  in  the  cold.  The  decomposition  of  hyposulphites 
into  sulphur^  which  precipitates,  and  sulphorons  acid,  which  is 
disengaged,  takes  place  slowly,  and  is  not  yet  complete  alter 
some  weeks,  even  tboup^h  the  mixtore  be  kept  continually  warm, 
provided  the  quantity  ot"  salt  is  not  too  small ;  for  if,  after  this 
lapse  of  time,  an  excess  of  nitrate  of  silver  is  poured  in  the 
solution  decomposed  by  muriatic  acid,  a  white  precipitate  of 
chloride  of  silver  is  at  first  fbrmed,  it  is  true;  but  after  a  time^ 
more  or  less  considerable,  this  precipitate  becomes  brown  or 
black,  because  sulphuret  of  silver  is  produced. 

*  Other  acids  react  upon  the  hyposulphites  in  the  same  way 
as  muriatic  acid.  Nitric  acid,  in  the  cold,  produces  the  same 
changes ;  but  by  boiling  the  liquor,  it  ozydises  the  hyposul- 
j)hui'ous  acid,  which  becomes  converted  into  sulpliuric  acid,  ixmi 
sulphur  is  precipitated.  If  the  whole  of  the  hyposulphurous 
acid  be  converted  into  sulphuric  acid,  its  oxydisation  is  found 
to  have  produced  double  the  quantity  of  the  add  which  is 
required  to  saturate  the  base  with  which  it  was  combined  in  the 
state  of  a  neutral  salt. 

*  A  solution  of  nitrate  op  silver  produces  in  the  solution 
of  a  hyposulphite  a  precipitate,  which  at  the  beginning  is  white, 
and  which  consists  of  a  hyposulphite  of  silver;  but  it  soon 
becomes  yellowish-brown,  and  ultimately  black,  which  changes 
especially  take  phicc  with  rapidity  when  the  whole  is  boiled. 
The  black  precipitate  is  sulphuret  of  silver.  The  liquid  filtered 
from  this  precipitate  contains  half  the  sulphur  of  the  hypo- 
sulphite in  the  state  of  sulphuric  acid ;  wherefore  a  solution  of 
nitrate  of  baryta  produces  therein  an  abundant  precipitate  of 
sulphate  of  baryta.  These  phenomena  take  place  both  when 
there  is  an  excess  of  either  solution  of  silver,  or  of  solution 
of  hyposulphite.   When  to  a  solution  of  nitrate  of  silver,  one  of 
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chloriile  of  sodium  or  of  potjijssium  is  added,  tlie  chloride  of 
silver,  which  is  thereby  produced,  is  completely  dissolved  by  the 
•oliition  of  a  hyposulphite,  and  neither  time  nor  ebullition  can 
produce  black  solphuret  of  silver  in  such  a  solution. 

*  A  solution  of  salt  of  protoxtdb  of  MsacimY,  or  of 
i»ROTOCiiLOHi  i>E  OF  MERCURY  (sublimatc),  pouTcd  ill  large 
quantity  in  that  of  a  hyposulphite,  produces  a  white  precipitate, 
which  remains  long  suspended  in  the  liquor,  and  which  is  not 
discoloured  by  either  time  or  ebullition.  Tins  precipitate  is  a 
combination  of  sulphuret  of  mercury  with  the  protosalt  of 
mercury,  or  the  protochloridc  of  mercury,  which  ha^  been 
employed.  The  liquor  filtered  therefrom  contains  sulphuric 
acid,  and  gives  consequently  an  abundant  precipitate  of 
sulphate  of  borytay  by  addition  of  ddoride  of  barium.  If,  on 
the  contrary,  a  large  excess  of  solution  of  the  hyposulphite  be 
poured  in  the  solution  of  salt  of  protoxyde,  or  of  protocldoride 
of  mercury,  the  precipitate  which  is  at  first  produced  is  white, 
but  it  very  soon  becomes  yellowish-brown,  and  lastly,  black, 
which  changes  are  much  accelerated  by  boiling  the  whole.  The 
black  precipitate  is  sulphuret  of  mercury,  and  the  supernatant 
liquid  contains  sulphuric  acid. 

*  A  solution  of  subnitrate  of  mercury  produces,  in  solution 
of  a  hyposulphite^  an  immediate  black  precipitate  of  sulphuret 
of  mercury,  no  matter  which  solution  is  in  excess,  that  of  the 
hyposulphite,  or  of  the  subnitrate. 

*  A  solution  of  a  salt  of  protoxyde  of  copper,  or  of 
raoTocHLORiDE  OF  COPPER,  docs  not  produce  any  precipitate 
in  solutions  of  hyposulphites.  Yet,  in  course  of  time,  a  turbid- 
uess  of  a  brown  colour  appears,  and  some  subchloride  of  copper 
separates  Irum  the  solution  ot  [)rotochloride  of  copper.  If,  on 
the  contrary,  the  mixture  be  Ijoilcd,  a  black  precipitate  of 
sulphuret  of  copper  is  yery  rapidly  formed.  The  supernatant 
liquid  contains  sulphuric  add. 

*  If  to  the  solution  of  a  very  small  quantity  of  hyi)  u  ulphite 
a  solution  of  photochlohiue  of  tin  in  dhu  iatic  acid  be  added, 
a  brown  precipitate  is  formed,  after  a  time,  which  is  analogous 
to  that  produced  in  similar  drcumstances  by  sulphurous  acid. 
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or  by  a  sulphite  (i)age  210),  the  only  difference  being,  that  in 
the  present  instance  the  formation  of  the  precipitate  takes  place 
more  rapidly.  By  this  test  traces^  too  minute  to  be  otherwise 
detected  by  the  other  re-agents,  become  manifest. 

*  Most  solutions  of  hyposulphites  are  not  altered  by  boiling. 
Hyposulphite  of  lime  must,  however,  be  excepted,  for  it  is  thereby 
decomposed  into  sulphite  of  lime  and  sulphur. 

*  W  hen  mmriatic  acid  is  let  fall  drop  by  drop  upon  the  hypo- 
sulphites in  the  solid  state,  sulphurous  acid  gas  is  disengaged 
with  effervescence,  which  may  be  easily  recognized  as  such  by 
the  smell,  even  though  a  very  small  quantity  of  hyposulphite 
be  treated.  If  the  salt  is  placed  upon  a  piece  of  silver  whilst 
thus  moistened  w  ith  muriatic  add,  the  silver  blackens  a  little 
after  a  while  at  the  spot  on  which  the  moistened  mass  rested. 

*  When  hyposulphites  are  heated  by  means  of  the  spuit-lamp, 
in  a  glass  tube  closed  at  one  end,  they  arc,  like  the  sulphites, 
converted  into  a  metallic  sulphuret  and  a  sulphate.  At  the  same 
time,  a  little  sulphuretted  hydrogen  b  disengaged,  besides  the 
water  of  crystallisation  of  the  salt,  and  a  small  quantity  of 
sulphur  is  deposited. 

*  Hyposulphites,  when  thrown  upon  nitrate  of  potash  in  a 
state  of  fusion,  disengage  ruddy  vapours  of  nitrous  acid.  But 
as  most  of  them  contain  a  great  deal  of  water  of  crystallisation^ 
they  froth  up  veiy  much. 

*  Before  the  blow-fipb,  the  hyposulphites  behave  like  the 
sulphate,  both  with  a  bead  of  soda  and  silica,  and  with  a  piece  of 
silver,  upon  which  they  are  thrown  after  having  been  exposed 
upon  charcoal  with  soda  to  the  action  of  the  interior  iiame. 

*  Hyposulphites  are  so  well  eharacterised  by  their  behaviour 
with  muriatic  acid  and  several  other  acids,  that  it  is  difficult  to 
confound  them  with  other  salts.  They  differ  from  the  hypo- 
sulphates  and  sulphites,  because,  when  they  arc  decomposed  by 
means  of  an  acid,  they  disengage  sulphurous  acid  as  the  sulphites 
do;  but  they  at  the  same  time  deposit  sn^hur,  which  the 
sulphites  do  not. 
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2.  ACIDS  OF  SELENIUM, 
lo  SELENIC  AaD,  SeO,. 
{Aeide  atUfnitm.) 

*  AQVBOira  BBLENic  ACID  is  a  oolourlefls  liquid,  of  an  oily  con- 
sistence, wliicli  may  be  licatcd  to  ;!S0°  cent.  {^^CP  Fulir.) 
without  undergoing  decomposition.  Exposed  to  a  higher  heat, 
it  is  eonyerted  into  oxygen  and  Belenious  acid.  When  concen- 
trated and  mixed  with  water,  it  becomes  hot,  precisely  as 
sulphuric  acid  in  similar  circumstances. 

*  The  aqueous  solution  of  selenic  acid  is  not  decomposed  by 
sulphuretted  hydrogeu ;  but  when  aqueous  selenic  acid  is  boiled 
with  muriatic  acid  it  is  decomposed,  selenious  acid  is  formed, 
and  chlorine  gas  is  disengaged,  which  may  be  recognized  as  such 
by  its  smell,  and  because  it  bleaches  a  strip  of  moistened  litmus 
paper  held  above  the  liquor.  This  is  tlic  reason  why  a  mixture 
of  selenic  and  of  muriatic  acid,  or  of  muriatic  acid  with  a 
seleniate,  dissolves  platinum  like  aqua  regis,  owing  to  which 
platinum  yessels  must  not  be  used  with  such  a  mixture. 

*  Aqueous  selenic  acid,  like  most  aqueous  acids,  dissolves 
zinc  and  iron  with  disengagement  of  hydrogen;  it  has  also  the 
property  of  dissolving  gold,  but  platinum  is  insoluble  therein*. 

*  With  the  bases  selenic  acid  forms  salts  which  have  the 
greatest  analogy  to  the  corresponding  sulphates :  the  add  and 
the  neutral  sclcniatcs  are  soluble  in  water,  excepting  the  combi- 
nations which  selenic  acid  forms  with  bai'jta,  strontia,  lime, 
and  protoi^de  of  lead,  which  are  either  insoluble  or  yery  sparingly 
soluble  in  that  yehide,  and  which,  like  the  corresponding  sul- 
phates, do  not  dissolve  in  a  free  acid,  in  the  cold.  Wherefore  the 
Mjlution  of  A  SALT  OF  BAKU  >i  cau  as  well  be  used  for  detecting 
selenic  acid  in  an  aqueous  solution,  or  in  that  of  one  of  its  salts, 
as  for  detecting  sulphuric  acid.  It  is  only  necessary,  in  order  to 
be  convinced  of  the  insolubility  in  free  adds  of  the  predpitate 
of  aeteniate  of  baryta  obtained,  to  add  nitric  add,  and  not 

1  With  the  lielp  of  ImiI  H  alto  Stmftfm  copper,  and  b  ihaceby  partially  convMiecl 
into  ■dfltuoQf  add. — Ed, 
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muriatic  acid,  because  the  latter  has  a  dccomposiug  action  upoa 
selcnic  acid  [especially  by  boiliug] . 

*  When  solutioiis  of  the  seleniates  are  boiled  for  a  long  time 
with  MuniATic  ACiDj  chlorine  gas  is  disengaged,  ezactij  as 
selenie  acid  does  under  similar  treatment,  and  the  seleniG  acid 
of  the  salt  becomes  converted  into  selcnious  acid'. 

*  Solutions  of  the  seleniates,  and  the  aqueous  solution  of 
selenie  acid,  are  not  precipitated  hy  either  an  aqueous  solution 
or  a  current  of  svlphvbbttbd  htdroobn,  unless  they  contain  a 
metalfie  oiyde  susceptible  of  being  precipitated  by  it  in  the 
state  of  metallic  sulphuret.  Wlieu,  however,  before  treating 
tlic  sulutiuu  of  the  salt  by  sulphuretted  hydrogen,  it  has  been 
boiled  for  a  long  time  with  muriatic  add,  sulphuretted  hydrogen 
produces  the  same  decomposition  as  with  selenious  add. 

*  An  aqueous  solution  of  sulphurous  acid  does  not  de- 
compose solutions  of  the  seleniates,  nor  that  of  selenie  acid. 
The  decomposition  is,  however,  efifected  when  they  have  been 
prerionsly  boiled  for  a  long  time  with  muriatic  add;  selenie  add 
is  then  converted  into  selenious  add,  and  is  decomposed  in  the 
same  manner  lus  this  latter  acid  would  be  bv  such  treatment*. 

*  The  presence  of  selenie  acid  in  the  seleniates,  which  are 
insoluble  in  water  and  in  adds,  may  be  determined  in  the  same 
manner  as  that  of  sulphuric  add  in  the  corresponding  sul- 
phates; hut  it  is  easier  to  boil  the  insoluble  seleniate  with 
miudatic  acid  for  the  purpose  of  converting  the  selenie  into 
selenious  acid,  the  presence  of  which  may  subsequently  be 
recognised:  a  long  time  is,  however,  required  completely  to 
effect  this  conversion. 

*  Almost  all  tlie  seleniates  beiug  soluble  in  adds,  the  reduction 
is  complete  when  the  compound  has  been  dissolved  in  muriatic 
add.   But  if  the  selenie  add  should  be  combined  with  protoxyde 

'  In  this  roaotioii  part  of  the  oxygen  of  the  eclcnic  acid  combines  with  tho 
bydmpcii  of  thr  mui  iatic  acid  to  form  water,  and  the  chlorine  of  the  muriatic  acid 
is  Bct  fix'o,  the  hclenic  acid  being  at  tlie  same  time  converted  into  selenious  acid. — ^d. 

'  That  it  to  say,  iu  order  to  precipitate  tlie  selenium  from  selenie  acid,  it  most  be 
boiled  with  miimti«  add  ontil  dilotiiie  gM  has  eeaaed  to  be  evolvedt  by  whidk  it  is 
eonverled  into  ttHniaoM  odd,  and  tiieii,  opon  adding  aqueooa  aolntion  of  anlphnvoos 
add,  MlMiiiun  la  predpltaled.— En. 
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of  lead;  the  soliitiou  canaot  be  complete,  because  some  proto* 
<diloride  of  lead  is  fonned. 

*  When  a  soluble  seleniate,  or  even  an  insoluble  on^ — ^for 

example,  seleniate  of  baryta, — is  introduced  into  a  sulphuric  acid 
solution  of  indigo,  sufficiently  dilute  to  have  only  a  slight  bluish 
colour^  and  sulphuric  acid  is  further  added,  the  solution  is 
decolorised  hj  boiling  the  whole.  This  bleaching  takes  place 
also  when,  instead  of  snlphnric  acid,  muriatic  acid  is  employed, 
because  chlorine  is  set  free,  which  decoloriscii  the  solution  of 
indigo. 

*  When  seleniates,  in  the  solid  fonn^  are  mized  with  muriate 
of  ammonia,  and  the  whole  is  heated  in  a  small  letor^  selenium 
is  sublimed  [and  condenses  in  the  cool  part  of  the  neck  of  the 

retort'] . 

Before  the  blow-pipe  the  seleniates  behave  like  the  sid- 
phates  either  with  a  bead  of  soda  and  silica,  or  with  a  piece  of 
silver  upon  which  they  are  thrown  after  treatment  with  soda 
upon  charcoal  in  the  interior  flame.    When  these  salts  are 

fused  upon  charcoal  with  soda  in  the  interior  fkmc,  they  exhale 
an  odour  of  decayed  horse-radish,  which  is  characteristic.  They 
emit  likewiM  this  odour  very  powerfully  when  heated  with 
miciooosmic  salt. 

♦  Sblxntc  acid,  either  free  or  in  solutions  of  seleniates,  can 
be  confounded  with  no  other  substance  except  sulphuric  acid,  in 
consequence  of  its  behaviour  with  the  solution  of  a  salt  of 
barium ;  but  it  is  distinguished  by  its  deportment  with  muriatic 
acid,  which  is  not  decomposed  by  sulphuric  add. 

20.  SELENIOUS  ACID,  SeO,. 
(Aeide  SiUkiewe.) 

♦  Selenious  acid  is  ()))t{iined  by  dissolving  selenium  iu 
aqua  regia  or  in  nitric  add.   In  the  pure  aqueous  state  it  forms 

'  In  thU  way  can  alao  a  mixttire  of  sulphuric  and  of  selenic  acid  be  scpamtod. 
To  effect  tliia,  the  solution  of  sulphuric  and  of  selenic  acid  must  be  satiii-HtL<l  w  ith 
pr>tash,  and  tile  dried  residuum  mixed  with  sal  ammonia ;  heated  in  a  retort,  as  just 
said,  the  selenic  add  ia  deeompoaed  by  the  ammonia,  and  selenium  is  reduced. — Ed. 
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crystals  which  xesemble  nitrate  of  potash,  and  at  a  temperature 
a  few  degrees  below  the  boiling  point  of  salphnric  acid,  it  is 
sublimed  withoat  decomposition  imder  the  form  of  an  anhydrona 

crj^stalline  mass.  In  the  gaseous  state,  this  acid  has  a  feeble 
yellowish-grceu  colour'.  It  is  very  soluble  in  water;  its  con- 
centrated solution  in  hot  water  crystallises  on  cooling.  It  ia 
also  soluble  in  alcohol*. 

*  The  selenites,  whose  base  is  an  alkali,  are  all  soluble  in 
water.  The  solutions  uf  tlie  neutral  alkaline  selcnitcs  have  an 
acid  reaction.  Sonic  of  the  neutral  compouncU  of  seleuious  acid 
with  the  earths  and  the  metallic  ozydes  are  insoluble;  others 
are  very  sparingly  soluble  in  water.  They  are  sdnble,  howerer, 
in  free  adds ;  but  several  of  them  are  likewise  insoluble  in  acids, 
or  almost  so ;  such  is  the  case,  for  f  .\;irn|)l(%  with  the  selenites  of 
lead  and  those  of  silver,  which  are  iusoluljle  in  nitric  add.  All 
the  add  selenites  appear  to  be  Teiy  soluble  in  water. 

*  The  neutral  soluble  selenites  are  predpitated  by  the  solu- 
tions of  BARYTic  SALTS;  but  thc  prccipitatc,  which  is  selenite 
of  barium,  re-dissolves  in  free  acids. 

*  The  solutions  of  selenites  in  water  or  in  adds,  (tnd  that 
of  selenious  add,  do  not  undergo  any  diange  by  boiling  with 

MITBIATIC  ACID. 

*  A  solution  or  a  current  of  sulphuretted  hydrogen  pro- 
duces in  a  dilute  solution  of  selenious  acid,  and  likewise  in 
solutions  of  selenites  rendered  add  by  muriatic  or  by  any  other 
add,  provided  these  solutions  do  not  contain  any  metaUic  oxyde 
predpitable  from  such  add  solutions  by  sulphuretted  hydrogen,  a 
lemon-yellow  precipitate  of  sulphnrct  of  selenium  which  becomes 
deep  yellow,  almost  ciuuabar-red,  by  heating  the  liquor,  and 
which  assumes  that  colour  also  by  drying. 

1  Banelinf  mya,  tiuit  gtseoiu  9tkail<mm  add  htm  *  deep  ycUow  ooloor,  wbkh 

perfectly  resembles  that  of  chlorine. — Ed. 

'  Selenious  acid  is  Urgely  ■olllUe  in  alcohol,  and  when  ^wch  a  solution  is  distilled, 
a  snmll  quantity  of  solcnium  !r  reduced,  and  the  product  lias  an  ethereal  odour. 
According  to  Borzelius,  if  the  alcoholic  sohitiuu  of  selenious  acid  be  mixed  with 
sulphuric  acid,  and  thc  mixture  s\d)jectcd  to  distillation,  an  alcohol  mixed  witli  a 
Tolatfle  mbatenee  pMBMOver,  which  lias  an  insupportable  smcU,  whilst  a  eonaiderable 
qmnlilgr  of  MleDfann  it  Mdaood.—- Ed. 
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If  HTDB08VI.PHVRET  OF  AHMONiA  be  powed  in  the  solutioii 
of  a  neutral  or  of  an  alkalme  selenite,  a  yellow  piecipitate  of 
sulphnret  of  selemom  is  likewise  fonned,  baft  wbidi  is  very 

soluble  in  an  excess  of  the  re-agent. 

When  an  aqueous  solution  of  sulphurous  acid  is  poured 
in  an  aqneons  solntion  of  selenionB  add,  or  in  either  an  aqneona 
or  an  acid  solution  of  a  sdenite,  the  aeienioiia  add  is  reduced ; 
after  a  thne,  sdenimn  separates  under  the  form  of  a  einnabar- 
red  powder,  which,  by  remaining?  for  a  long  time  in  suspension, 
renders  the  liquor  turbid,  and  of  a  red  colour ;  after  a  longer 
time,  red  flakes  are  deposited.   K  the  liquor  be  submitted  to  a 
prolonged  ebullition^  the  partides  of  reduced  selenium  gather 
together,  become  black,  and  contract  into  a  very  small  bulk. 
The  reduction  of  selenious  acid  is  effected  in  the  same  manner, 
and  better  still,  when  the  solution  of  a  sulphite  is  gradually 
poured  in  its  solution,  or  in  that  of  a  sdenite ;  yet  if  the  solu- 
tion of  the  seleuite  is  neutral,  it  is  necessary  to  add  some  add 
to  it,  previously  to  treating  it  as  just  said,  because  the  solution 
should  be  acid.    It  is  often  a  difficult  and  long  operation  to 
effect  the  reduction  of  very  small  quantities  of  dissolved  sole* 
nioDB  add  into  metallic  selenium  by  means  of  sulphurous  add. 
This  is  espedally  the  case  when  the  liquor  contains  much 
nitric  acid.    It  is  then  ncccssan-  to  add  muriatic  acid  by 
degrees  to  such  a  liquor,  to  boil  it,  and  then  to  add  again  the 
solution  of  a  sulphite,  and  again  to  boil  the  whole ;  the  selenium 
may  thus  be  predpitated,  but  it  often  occurs  that  a  long  time 
is  required  to  effect  this  \ 

*  A  bar  of  metallic  zinc  plunged  in  solution  of  selenious 
acid,  or  in  solutions  of  selcnitcs,  rendered  slightly  acid  by  the 
addition  of  an  add,  predpitates  sdenium ;  but  the  predpitation 
is  not  complete.  The  sine  becomes  at  first  covered  with  a  film 
of  a  copper  colour,  and  afterwards  the  precipitated  selenium 
separates  under  the  form  of  red,  brown,  and  blackish  flakes 

1  Bendins  reeommendi,  After  die  ftdAtkn  cf  mnriatie  seid,  to  evaponla  tiie 

Hquor  with  precaution,  in  order  to  dccom  ]>n<%o  and  volatiliw  tibo  nitric  sdd«  to 
re-dis8olvo  the  dry  salt,  and  then  to  precipitato  it  by  foilphnrous  ftcid. — En. 

-  These  varifttions  in  (he  eolmir  (»f  the  precipitate  are  dependent  upon  the  tem- 
perature at  which  tlie  precipitate  has  been  formed. — Ed. 
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*  The  presence  of  selcuious  acid  iu  the  sclcnites^  which  are 
insoluble  in  water^  but  which  hare  been  diasolved  by  means  of 
muriatic  add,  is  detected  by  the  behaviour  of  such  a  solution 

towards  sulphuretted  hydrogen  and  sulphurous  acid.  "\Vh(Mi 
selenitcs  contain  metallic  oxydes,  which  arc  likewise  prccipi- 
table  by  these  two  re-agents^  they  should  be  separated  from  the 
selenions  add  by  treatment  with  hydrosulphuret  of  ammoniay 
or  in  some  other  way ;  muriatic  add  being  subsequently  added 
to  the  solution  in  hydrosulphuret  of  aininonijij  precipitates  sul- 
pkuret  of  selenium.  When  the  seleuites  which  are  insoluble 
in  water  are  insoluble  also  in  muriatic  add,  nitric  add  must  be 
employed  to  dissolre  them. 

*  When  selenites  in  the  solid  form  are  mixed  with  muriate 
of  ammonia,  and  the  whole  is  heated  in  a  small  retort^  a  subli- 
mate of  selenium  is  obtained. 

*  If  selenites  which  contain  even  traces  only  of  organic 
matter  are  exposed  to  a  low  red  heat,  a  certain  quantity  of  the 
salt  is  reduced  into  selenium ;  and  if  the  selenites  are  soluble 
they  may  be  dissolved  subsequently,  and  the  solution  has  a 
slightly  reddish  colour.  If  a  sclenite  of  fixed  alkali  or  of  an 
earth  be  mixed  with  pulverised  charcoal,  and  exposed  to  a  red 
heat,  there  is  a  reduction  of  selenium. 

*  Before  the  blow-pipe,  the  selenitcs  behave  like  the  sele- 
niates  (page  221),  and  like  them  are  easily  recognized. 

*  The  red  precipitate  which  sulphurous  add  produces  in 
sdenious  add,  and  in  the  solutions  of  the  selenites  rendered 
add,  enable  the  analyst  easily  to  recognize  these  salts,  and  does 
not  allow  of  their  being  confounded  with  other  substances. 
Selenium  itself  does  not  behave  in  a  less  characteristic  maimer, 
but,  for  greater  safety,  the  reduced  selenium  may  be  submitted 
to  fresh  examination  \ 

>  Sdenious  add  is  less  volatile  thftn  eitber  murialie  or  oitiie  add,  and 

them  from  their  combinations  with  powerful  bases ;  but  sclenious  acid  ia  displaced 
from  its  combinaUoua  with  the  said  baaea  by  aulphuric,  phoipborie,  anoiic^  and 

boracic  acidb. — £o. 
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8.  ACIDS  OF  TELLURIUH. 
1*   TBLLUBIC  AaD,  TeO,. 

(Aeide  fHtmritptf.) 

*  Telluric  acid  may,  according  to  Bcrzcliiis,  be  obtained  in 
large  crystals It  is  very  soluble  in  water,  though  skjwly. 
Its  dilute  aolatioii  reddens  litmus  paper^  but  with  di£&culty. 
This  solutum  has  a  metallic  non-acid  taste.  Telluric  acid  is 
soluble  in  aqueous  alcohol,  but  not  in  anhydrous  alcohol,  and 
its  saturated  aqueous  solution  is  precipitated  hy  alcoliol.  The 
crystallised  acid  loses  part  of  its  water  at  a  temperature  some- 
what higher  than  212°  Fahr.,  and  it  then  dissolves  yeiy  slowly 
but  completely  in  water^  especially  if  boiling.  When  heated 
more  strongly,  but  not  to  redness,  it  loses  all  its  water,  assumes 
an  orange-yellow  colour,  and  becomes  comphitcly  soluble  in 
cold  water,  in  boiling  water,  and  in  boiling  nitric  acid.  When 
it  is  treated  in  this  state  by  a  boiling  hot  solution  of  pure 
potash,  it  combines  with  that  alkali,  but  does  not  dissolve 
unless  the  liquor  is  very  concentrated.  Exposed  to  a  still 
higher  temperature  oxygen  is  disengaged,  and  it  becomes  con- 
verted into  tellurious  acid. 

*  Amongst  the  salts  which  telluric  acid  forms  with  the  bases, 
the  tellurates  of  alkalies  are  soluble  in  water,  and  also  slightly 
so  in  alkaline  solutions.  Water  being  added  to  the  aqiieous 
solution  does  not  produce  any  precipitate.  When  these  salts 
arc  exposed  to  a  temperature  below  rcduess,  they  often  become 
absolutely  insoluble  in  water.  Most  earthy  and  metallic 
tellurates  are  insoluble. 

*  When  tellurates  are  exposed  to  a  red  heat,  they  fuse,  and 
are  converted  into  tellurites  under  disengagement  of  oxygen  gas. 

*  Tellurates  can  be  dissolved  in  cold  mu&iatic  acid  without 

'  Tlipw*  rn'fitals  arc  hexagonal  prisms,  with  two  faces  larger  than  tho  others,  and 
very  oltuso  four-sided  sinnmita.    The  crj-stals,  however,  are  often  ei-uciforni,  nnd 
Striated  like  Baltpctre.    The  crystallised  acid  is  a  combination  of  1  atom  of  acid 
with  3  atoms  of  water,  TeO,  +  3  aq.   The  eflloNSoed  Mid  MUtdns  1  stem  of  moA 
4^  1  •ton  «f  niter,  TeO,  +.aq.— Ed. 
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imdergcriDg  decomposition.  Water  may  be  added  to  this  solu- 
tion withont  rendering  it  milky,  even  though  there  should  be  a 
slight  exeess  of  muriatic  acid.  If,  however,  it  be  boOed,  chlo- 
rine is  disengaged,  and  an  addition  of  water  may  then  determine 
a  white  precipitate  of  tellurioiis  acid,  provided  there  be  not  too 
great  an  excess  of  acid,  which  would  hinder  the  precipitation. 

*When  muriatic  add  is  poured  in  aqueous  sdutions  of 
tellurates,  and  a  solution  of  mUphwrtmi  add  or  of  an  alkatme 
mlphite  added,  and  tho  mixture  then  heated,  metallic  tellurium 
is  separated  under  the  form  of  a  black  precipitate.  The  same 
thing  happens  with  a  muriatic  add  solution  of  tellurates  which 
are  insoluble  in  water. 

*  If  a  solution  of  chloride  op  barium  be  poured  in  solutions 
of  neutral  tellurates,  a  bulky  white  precipitate  of  tcllurate  of 
baryta  is  produced,  which  after  a  time  becomes  granular  and 
heavy,  and  which  is  insoluble  in  muriatic  or  nitric  adds. 

*  When  a  current  of  suLrmrBBTTSD  hturookn  is  passed 
through  a  verj^  dilute  solution  of  telluric  acid,  no  change  is  at 
first  produced;  but  if  the  liquor  be  left  standing  in  a  well- 
stopped  bottle,  in  a  wann  place,  after  a  time  it  becomes  of  a 
light-brown  colotv,  and  ultimatdy  the  side  of  tiie  bottle  becomes 
covered  with  a  coating  of  sulphuret  of  telluiium  having  a  metallic 
lustre ;  the  liquor  is  then  limpid  and  colourless. 

*  When  tellurates  are  exposed  to  a  red  heat  with  charcoal 
and  an  alkali,  fixed  metallic  tellurates  are  fonned,  which  yield  a 
solution  having  the  colour  of  red  wine. 

*  Before  tlic  ih.ow-pipe  telluric  acid  is  recognised  in  tellu- 
rates, in  the  same  manner  as  tellurious  acid  in  tellurites,  into 
which  they  are  converted  by  the  action  of  a  red  heat. 

*  Telluric  add  may  be  detected  in  its  salts  by  its  behaviour 
towards  muriatic  add  and  sulphurous  adds.  The  solubility  of 
tcllurate  of  baryta  in  acids  is  suffident  to  distinguish  it  from  the 
sulphate  and  seieniate  of  baryta. 
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2  .  TELLURIOUS  ACID,  TeO,. 
(Aeide  ^VS^mr.) 

*  III  the  pnie  state  tellnrions  acid  has  a  white  colour,  it  ftises 

at  an  incipient  red  heat,  and  tlien  forms  a  limpid  liquid  of  a 
deep  yellow  colour.  The  mass  retains  its  yellow  colour  whilst 
hoi,  but  after  cooling  it  is  white  and  strongfy  crystalline.  When 
teUniions  add  is  heated  to  redness  in  contact  with  the  air,  it  is 
completely  volatilised.  The  snhlimate  is  not  crystalline,  at  least 
in  the  small  way,  and  a  much  stronger  heat  is  necessar}'  to 
volatilise  it  than  that  required  for  sesquioxyde  of  antimony,  witli 
which  it  has  some  resemblance.  It  is  easily  reduced  into  metallic 
tellmtium  by  charcoal  *. 

*  TcUurious  acid  is  slightly  soluble  in  nitric  acid,  but  a  notable 
quantity  of  it  cannot  be  dissolved  unless  it  be  put  in  contact  with 
metallic  tellurium  in  powder.  When  such  a  solution  is  diluted 
by  water,  a  white  precipitate  of  aqueous  tellurious  add  is  pro- 
duced. When,  however,  the  solution  is  heated  before  adding 
the  water,  or  if  it  be  left  at  rest  for  several  hours,  the  dissolved 
tellurious  acid  is  deposited  in  the  anhydrous  state,  under  the 
form  of  crystalline  grains,  and  the  add  retains  only  a  yery  small 
qosntity  of  it,  which  cannot  be  predpitated  by  pouring  water  in 
the  liquor. 

*  Anhydrous  tellurious  acid  is  very  sparingly  soluble  in  water, 
and  the  solution  does  not  redden  litmus  paper.  It  is  likewise 
but  sparingly  soluble  in  adds  in  ammoma,  and  in  the  solutions 
of  alkafine  carbonates,  unless  it  be  boiled  for  a  longtime  in  these 

liquids.  On  the  contrary,  it  is  soluble  in  solutions  of  pure 
potash  or  soda. 

*  Th*t  is  to  say,  by  fusing  it  upon  charcoal  Uie  reduction  is  effected  with  a  slight 
drtonstiflw,  and  the  greatest  part  of  dm  teUnriiim  is  ToktOiMd.  If  raized  widi 
diamal  in  »  ciloMd  cmiUa^  it  b  essBy  ndooed^biit  tlie  motal  b  in  s  ilito  of 

«2 
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*  Aqueous  telluriouB  acid  is  very  soluble  ia  muriatic  acid.  It 
diBflolves  slowly  iu  ammonia;  is  very  soluble  in  solution  of 

hydrate  of  potash^  and  dissolves  by  boiling  in  solution  of  fixed 
alkaline  carbonates. 

*  Hydrated  telUirious  acid  is  obtained  by  treating  a  recently- 
prepared  nitric  acid  solution  of  tellurium  or  tbe  chloride  of  teUu- 
rium  by  water,  or  by  fusing  anhydrous  tellurious  add  with  an 
e(|nal  weight  of  carbonate  of  potasli,  keeping  tlic  mass  in  fusion 
until  all  disengagement  of  carbonic  acid  has  ceased,  dissolving 
in  water  the  tellurite  of  potash  thus  produced^  and  adding  nitric 
add  to  the  liquor  untQ  it  begins  sensibly  to  redden  Ctmna 
paper.  It  is  white,  light,  earthy,  and  not  crystalline ;  it  reddens 
moist  litmns  paper,  and  in  the  hnmid  state  it  dissolves  in  notable 
(piantities  in  water.  Tiiis  solution  likewise  reddens  litmus  paper  ; 
but  when  heated^  anhydrous  tellurious  acid  is  separated  in  a 
granular  state,  and  then  the  liquid  no  longer  reddens  litmus 
paper.  Hydrated  tellurious  acid  likewise  loses  its  water  when 
slightly  dried,  and  becomes  anhydrous  tellurious  acid. 

*  Hydrated  tellurious  acid  dissolves  easily  in  nitric,  muriatic, 
and  other  adds.  The  nitric  add  solution  is  the  only  one  fipom 
which  anhydrous  tellurious  add  is  separated  by  time  or  heat. 
This  phenomenon  is  not  produced  with  the  solution  in  other 
acids. 

*  If  water  be  added  to  the  solutions  of  teUurious  add  in  adds, 
especially  to  that  in  muriatic  add,  a  predpitate  of  aqueous 
tellnrions  add  is  formed,  provided  these  solutions  do  not  contain 

too  mnch  free  acid,  ])reciscly  as  is  the  case  with  the  solutions  of 
sesquioxydc  of  antimony  in  muriatic  add.  This  precipitate 
re-dissolves  in  a  free  add. 

*  If  to  a  solution  of  hydrated  tellurious  add  in  muriatic  add, 
a  solution  of  potash,  ammonia,  carbonate  of  potash,  bicar- 
RONATE  OF  POTASH,  or  CARBONATE  OF  AMMONIA  be  added,  an 
abundant  ^vliite  precipitate  of  aqueous  teUurious  add  is  obtained, 
completely  soluUe  in  an  excess  of  the  re-agent.  The  solution 
of  tellurious  add  treated  by  an  excess  of  carbonate  of  potash. 
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sometime:}  becomes  greeiiiah  by  long  standing.  This  oolour 
▼anbhes  by  heatings  but  re-appean  upon  oooling. 

*  A  solutkm  of  PHOSPHATE  OP  SODA  pzoduoes  a  white  precipi* 
tate,  even  in  acid  solutions  of  tellurious  acid  \ 

*  A  solution  of  oxalic  acid  produces  no  precipitate. 

*  A  solution  of  pebrocyanujiet  op  potassium,  nothing. 

*  A  solution  of  pbekicyanurbt  op  potasbiitm,  nothing. 

*  HTnaosvLPHunxT  op  ammonia  poured  in  a  solution  of 
tellnpioos  add  saturated  by  an  alkali,  giyes  a  brown  precipitate 
of  sulpburet  of  tellurium,  which,  iu  large  quantities,  appears 
almost  black.  This  precipitate  rediasolves  with  great  £eunlity  in 
an  excess  of  the  re-agent. 

*  The  aqueous  solution,  or  a  current  of  sulphuretted  hydrogen, 
determines  in  an  acid  solution  oftcllurious  acid,  an  iinmediute 
brown  precipitate  of  sulphuret  of  tellurium,  which,  in  point  of 
oolour,  resembles  much  that  which  sulphuretted  hydrogen  gas 
produces  in  solutions  of  protoxyde  of  tin. 

^A  solution  of  sulphurous  acid,  or  of  a  sulphite  op 
ALKALI,  determines  iu  the  acid  solutions  of  tellurious  acid  a 
black  precipitate  of  metallic  tellurium.  When  the  quantity  of 
tellurious  add  is  inconsiderable^  this  precipitate  appears  only 
after  a  certain  time,  or  by  heating  the  liquor. 

*  A  bar  of  metallic  sinc  plunged  in  solutions  of  teDurious 
acid,  precipitates  tellurium  iu  the  metallic  state^  under  the  form 
of  a  voluminous  black  mass. 

*  The  solutions  of  the  soluble  compounds  of  tellurious  add  are 
predfutated  by  inpusion  op  galls;  this  character  distinguishes 
them  from  solutions  of  tellurates,  which  are  not  predpitated 
by  this  re-agent. 

*  Most  of  the  compounds  of  tellurious  acid  which  are  insoluble 
in  water,  are  soluble  in  muriatic  add.  These  solutions  are 
ordinarily  yellow,  and  do  not  emit  the  odour  of  chlorine  when 
heated,  which  circumstance  distinguishes  them  firom  the  combi- 
nations of  telluric  acid.    When  there  is  not  too  much  muriatic 

'  That  ia  to  bk^,  ii  the  acid  m  which  the  »uluUun  uf  tcUuhous  acid  is  effseted  be 
in  ali^fc  Bdw 
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acid,  the  solution  precipitates  hjdrated  tellurious  acid  as  soou  as 
water  is  added.  TeliuriouB  add  may  alao  be  precipitated  £rom 
these  solutioiia  by  sulphuretted  hydrogen,  or  by  sulphurous  add, 
and  the  substance  which  was  combined  with  the  teDurious  add 
may  be  found  in  the  filtrate,  provided  always  that  this  s\ibst4ince 
is  not  precipitable  by  sulphuretted  hydrogen,  or  by  sulphurous 
add.  The  combinations  of  tellurious  add  with  the  alkalies  are 
all  soluble  in  water;  the  combinations  with  otiier  bases  are 
dther  insoluble  or  sparingly  soluble. 

*  Tellurious  acid  may  be  easily  detected  in  its  conibiuations,  by 
exposing  them  to  a  red  heat  in  coi\juuctioii  with  alkali  and 
charooalf  an  operation  which,  for  small  quantities,  must  be  per- 
formed  in  glass  tubes  dosed  at  one  end.  The  mass  thus  obtained 
is  then  to.  be  treated  by  water,  by  which  means  a  red  solution  of 
telluride  of  potassium  or  of  sodium  is  obtained. 

*  Before  the  blow-pipe  teliurious  acid  is  recognised  by  the 
extreme  facility  with  which  it  is  reduced  upon  charcoal  in  the 
interior  flame ;  the  reduced  metal  is  very  easily  volaitilised  and 
reoxydated,  and  covers  the  charcoal  with  a  white  fur.  In  order 
to  distiuguisli  by  means  of  the  blow-pipe  tellurious  acid  from 
sesquioxyde  of  antimony,  it  must  be  heated  in  a  glass  tube  open 
at  both  ends.  The  tellurious  add  sublimes  on  the  unner  and 
coldest  part  of  the  tube  under  the  fionn  of  a  white  smoke, 
which,  where  it  is  heated,  fuses  into  small  drops ;  which  pheno- 
menon, however,  can  be  well  observed  only  when  the  layer 
formed  by  the  sublimate  is  not  too  thin.  Oxyde  of  antimony 
sublimed  in  the  same  manner  in  a  glass  tube  opened  at  both 
extremities,  fonus  likewise  a  white  smoke,  but  whidi  can  be 
removed  from  one  place,  and  shifted  to  another  by  application 
of  heat,  so  that  the  place  occupied  at  first  by  the  sublimate 
becomes  empty.  The  two  oxydes  may  likewise  be  distinguished 
from  each  other,  because  the  white  coating  formed  by  oi^de  of 
antimony  upon  diarcoal  disappears  in  the  reducing  flame, 
imparting  at  the  same  time  a  bluish  tinge  to  the  flame,  or 
not  colournig  it  at  all,  whilst  tellurious  acid  communicates  a 
fine  green  colour  to  the  fiame. 
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*  The  solutions  of  tcUurious  acid  ai  e  easily  recognised  by  their 
behaviour  towards  sulphuretted  hydrogen,  and  likewise  by  the 
brown  precipitate  prodooed  by  hydmulpbuiet  of  Mmmnwa^ 
wluch  precipitate  is  veiy  floluUe  in  m  eneoM  cxf  the  re-agent. 
SolntionB  of  pvotoxyde  of  tin  are  the  only  ones  with  which  they 
might  in  this  rcbpccl  be  confounded.  It  is  true  that  hydro- 
stdphuret  of  ammonia  determines  also  a  brown  precipitate  in 
aolutions  of  pxotoaalts  of  tan  (page  17^);  but  this  precipitate  is 
mnch  less  solnble  in  an  excess  of  the  re-agent ;  and  besides, 
sotntions  of  protosalts  of  tin  differ  from  solutions  of  tellurious 
acid  by  their  behaviour  towai'ds  ammonia,  the  alkaline  car- 
bonates, and  especially  solution  of  gold  (pages  170 — 174),  iu 
which  tellurious  acid  forms  no  precipitate  of  purple  of  cassius. 
In  general,  tellurious  add  differs  by  its  Tolatility  from  almost 
all  the  other  adds  in  the  solutions  of  which  hydrosulphuret  of 
ammonia  determines  a  precipitate  susceptible  of  being  dissolved 
by  an  excess  of  the  re-agent.  It  is  distinguished  from  oxyde  of 
antimony  (before  the  blow-pipe)  by  the  characters  which  have 
been  described  aboYe,  and  in  its  solutions  by  the  colour  of  the 
firedpttate  produced  by  sulphuretted  hydrogen.  It  is  impossible 
to  confound  tellurious  acid  with  the  acids  of  aisenic. 

4.  ACIDS  OP  NITROGEN. 

l".  NITRIC  ACID,  N04.<r-  IfX^CK  "^Viu* 
{Adde  NUrique.) 

Nitric  add  has  not  been  obtained  yet  in  the  anhydrous 
state.  It  forms  witii  water  a  limpid  liquid,  and  when  in  the 
highest  state  of  oonoentralion  it  Tolatilises  at  a  temperature 

below  that  of  boiling  water ;  but  when  it  contains  more  water, 
in  which  state  it  lb  most  frequently  met  with,  a  temperature 
which  may  be  as  high  as  120''  cent.  (US°Ftihi.)  is  required  to 
make  it  boH,  and  even  125*'  cent.  (257^  Fahr.)  when  glass  vessels 
are  used.  *  When,  however,  it  contains  more  water,  still  its  boiling 
point  diminishes  in  proportion  as  the  quantity  of  water  is  more 
considerable.  Nitric  acid  in  the  highest  state  of  concentration 
is  very  canly  deccnnposed ;  when  distilled  it  disengages  ruddy 


232 


J!IITBIG  ACID. 


vapours  uf  nitrous  acid,  and  assumes  a  yellow  tin«j:e.  Exposure 
to  solar  lights  and  other  influences^  give  it  a  yellow  colour^  the 
manifestatioii  of  which  is  aocompanied  by  a  diaengagement  of 
oxygen. 

Nitric  acid,  dihited  with  water  of  the  strength  which  ordinarily 
constitutes  commercial  nitric  acid,  oxydises  most  substances. 
Nearly  all  metals  are  oxydised  by  it ;  this  acid  being  partially 
decomposed,  and  ordinarily  converted  into  nitric  oxyde,  more 
rarely  into  nitrons  oxyde,  or  nitrons  add.  *  The  nitric  oxyde 
escapes  in  the  fonn  of  a  {^^as,  and  by  absorbing  oxygen  from  the 
air,  becomes  nitrous  acid.  This  is  tlic  reason  why  ruddy  vapours 
are  disengaged  when  a  metal  is  treated  by  nitric  acid.  Even 
those  metals  which,  by  dissolving  in  other  dilnte  acids,  disengage 
hydrogen  gas,  produce  these  phenomena  when  oxydised  by 
nitric  acid;  nearly  all  the  metallic  oxydes  thus  produced  dis- 
solve in  the  portion  of  acid  which  has  not  undergone  decom- 
position; the  only  exceptions  are  perozyde  of  tin,  and  oxyde  of 
antimony,  and  also  tellurions  add. 

A  few  metals,  namely :  platinum,  rhodium,  iridium,  and 
gold  arc  not  attacked  by  nitric  acid ;  most  metals  arc  not 
oxydised  by  nitric  add  in  the  highest  state  of  concentration ; 
such  is  the  ease  more  especially  with  copper  and  iron,  but  it 
oxydises  sine.  Organic  substances  are  likewise  oxydised  by 
nitric  add,  most  of  which,  when  the  reaction  is  promoted  by 
the  application  of  heat,  and  by  the  use  of  an  aqueous  add,  are 
converted  into  carbonic^  uuihc,  and  lastly  into  oxalic  add; 
during  these  operations  the  nitric  add  does  not  become 
coloured,  if  there  be  an  excess  of  it. 

*  An  excess  of  acid  in  the  highest  state  of  concentration 
converts  organic  substances  into  carbonic  acid  and  water. 

Many  organic  substances  assume  a  characteristic  yellow  colour 
when  treated  by  a  less  quantity  of  nitric  add  than  would  be 
requisite  completely  to  oxydise  them;  such  is  the  case,  for 
example,  with  the  human  skin,  and  with  the  corks  of  bottles 
which  contain  nitric  add. 

Nitric  add  forms  very  soluble  salts,  with  nearly  all  the  bases ; 
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wherefore  they  caunot  be  precipitated  from  their  sohitions  by 
pouring  into  them  solutions  of  other  salts.  Only  a  few  oxydes 
which  have  been  euumemted  just  above  (perozyde  of  tin^  ozyde 
Off  antimony^  and  telhmous  acid)  are  not  aolnble  in  this  add. 
Nitric  acid  is,  therefore,  more  difficult  to  detect  than  other 
acids,  whether  greatly  diluted  with  water,  or  in  the  solutions 
of  nitrates,  when  only  a  .small  portion  of  these  salts  can  be 
obtained  for  examination. 

The  best  method  to  detect  veiy  minnte  quantities  of  solutions 
of  nitrates  consists  in  evaporating  the  solution  to  dryness  by 
means  of  a  f^entle  heat,  and  to  examine  the  dry  residuum  iu 
.the  manner  which  will  be  mentioned  below.  ^^Hicu  a  solution 
eontains  free  nitric  add,  it  is  to  be  satniated  with  a  base,  in 
pcefiBrence  with  potash,  the  solution  is  to  be  evaporated  to 
dryness,  and  the  dry  residumn  is  to  be  submitted  to  the  same 
treatment. 

The  methods  employed  for  the  detection  of  nitric  acid,  or  of 
nitrates  in  solutions,  are  the  following : 

To  the  solution  of  the  nitrate,  add  some  muriatic  add,  and  a 
little  ooLD-LEAP;  by  the  help  of  heat  the  gold-leaf  will  then  be 
dissolved,  aad  will  communicate  a  yellowish  colour  to  the  liquor. 
If  the  gold-leaf  does  not  dissolve,  it  is  a  proof  that  no  nitric 
add  is  present*. . 

*  To  ascertain  whether  any  gold  has  been  dissolved,  the  liquor 
is  to  be  filtered,  and  the  filtrate  is  to  be  tciitcd  by  protochloride 
of  tin  (page  170). 

To  the  liquid  in  which  the  presence  of  nitric  acid,  or  of  a 
nitrate,  is  suspected,  add  a  quantity  of  concentrated  sulphuric 
add,  which  must  not  be  much  less  than  the  fourth  part  of  the 
liquid  under  cxiuniuation.  When  the  mixture  has  become  cold, 
a  small  portion  of  protosalt  of  iron  is  to  be  added,for  which  piu*- 
pose  a  ciystal  of  protosulphate  of  iron  is  to  be  preferred.  *  The 
nitric  add  is  converted  by  the  first  portions  of  the  protosalt  of 
iron  into  nitric  oxy  de,  which,  even  if  only  a  very  small  quantity  of 

^  CfakHmtM^  pwdikifwlM,  cihmmaton,  brooMlMi  &c.,  mixsd  with  nniinitie  Mad, 
have  sIm  tfw  proparty  of  dlmlviiig  gokUlMf«~Ei>. 
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nitric  acid  be  picseat,  will  impart  a  deep  blackish-browu  culuur 
to  the  portion  of  solution  of  protosalt  of  iron,  which  may  be 
sulMeqiieiitly  added.  The  dark  ookmr  of  the  liquid  diMppean 
after  some  time.  Thia  method  ia^  aoocxrdmg  to  Bichemont^  the 
moat  delicate  of  all  to  detect  the  mmnteat  traoea  of  nitric  add; 
it  is,  however,  necessary  to  add  a  large  quantity  of  sulphuric 
acid,  without  which  the  experiment  does  not  succeed 

*  Concentcaled  nitric  acid  impaita  a  yellow  oolour  to  quiU^ 
which  effect  la  not  produced  by  the  dilate  acid»  aooording  to 
Runge,  even  at  a  temperature  of  100°  cent.  (212®  Fahr.)  If,  for 
example,  sifter  having  heated  a  piece  of  china  by  holding  it  in 
steam  of  water,  a  drop  of  very  dilute  nitric  acid  be  placed 
therein^  and  a  lew  aonpinga  fiom  a  quill  pen  be  projected  in 
thia  drop  of  dilate  add,  they  will  turn  veiy  aennbly  yellow 
after  its  evaporation.  When  there  is  only  a  very  small  portion 
of  acid,  the  yellow  colouring  appears  only  at  the  cxtrcniities,  or 
edges,  of  the  scrapings ;  but  if  there  be  more  acid,  their  whole 
sur&oe  ia  yellow.  The  solutiona  of  neutral  nitratea,  even  of 
thoae  whidi  redden  litmua  paper,  have  not  thia  pcn^erty,  by 
means  of  which  free  nitric  acid  may  be  distinguished  from  its 
compounds.  Muriatic  acid  docs  not  possess  tliis  property  cither ; 
and,  therefore,  this  test  may  be  employed  to  detect  the  smallest 
quantities  of  nitric  add  which  it  might  contain. 

Small  quantitiea  of  nitric  add  or  of  nitrate  may  likewise  be 
detected  by  mixing  the  liquor  which  contains  them  with  a 
sufficient  quantity  of  solution  of  indigo  in  sulphuric  acid,  to 
communicate  a  slight  bluish  tinge  to  it,  adding  a  little  sulphuric 
add  and  boiling  the  whole.  Thua  treated  the  liquor  beoomea 
decolorised,  or  if  there  ia  but  a  small  -quantity  of  nitric  add 
present,  it  loses  its  blue  colour  and  becomes  yellow.  By  adding 
a  little  chloride  of  sodium  (conmion  salt)  to  the  liquor  before 
heating  it,  we  may  easily  detect  one  fiye-hundredth  part  of  nitric 

'  It  IB  also  necessary  to  put  a  Bufiioiont  quantity  of  protosalt  of  iron,  else  ou  agitating 
the  liquid  tho  colour  may  disa]>pcar,  un  account  of  tlie  whole  of  the  protoxyde  |>a«ging 
into  the  ateto  of  »  peroxyile,  which  prodooM  no  oolowring.  If  the  nixtwe  be  veiy 
dOnte,  it  Im  neeoowry  to  appty  host  in  ofdor  to  ptodnoo  tiio  wAofariag  in  qiMition ; 
but  the  beet  must  not  be  eontinned  too  loagy  else  the  eolottrwill  alto  dieeppeer. — Eo. 
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wad.    This  metbod  has  been  indicated  hj  Idelng^  but  it  ia 

iuferior  to  the  former'. 

When,  the  substauce  under  «T^^pnmA^f\n  u  a  solid  nitrate,  the 
praenoe  of  nitric  acid  theiein  may  be  reeogmaed  as  ioUowa : — 
If  the  nitrate  be  mingled  with  chaeooai.  vownnn  and  the 
miztnfe  heated  in  a  small  porcelain  crucible,  it  iiues,  and  sparks 
of  fire  are  emitted.  This  method  is  usually  resorted  to  for  the 
purpose  of  detecting  the  preseuce  of  nitric  acid  in  the  nitrates*. 

*  The  best  manner  of  conducting  the  experiment  consists 
(when  the  nitrate  is  very  fusible^  for  example^  nitrate  of  potash) 
in  fusing  it  in  a  small  porcelain  crucible,  and  to  project  upon 
the  fused  mass  small  quantities  of  organic  bodies  containing 
carbon,  for  example,  wood  or  paper,  which  become  violently 
OKjdiaedy  producing  at  the  same  time  a  vivid  deflagration.  If 
the  nitrate  be  moce  pofwetfidly  heated,  and  some  pulverised 
sulphur  be  projected  in  the  fused  mass,  the  solphur  bums  with 
a  flame  (not  blue)  but  yellowish  white,  and  so  bright  and  dazzling 
that  the  eye  can  hardly  bear  it. 

When  nitrates  are  mixed  with  copran  filimos^  and  if,  the 
mixtnre  being  introduced  in  a  tube  of  white  glass  cloaed  at  one 
end,  a  portion  of  concentrated  sulphuric  acid  previously  diluted 
with  a  vS  II I  all  quantity  of  water,  be  poured  upon  it,  ruddy  fumes 
of  nitrous  acid  are  disent^agcd  at  the  ordinary  temperature.  If 
concentrated  su^uric  add  be  poured  iqpon  the  nitiates  without 
using  copper  filings,  cdourleas  vapours  of  nitric  acid  are  evolved 
which  produce  a  white  cloud  when  a  glass  rod  moistened  with 
ammonia  is  held  at  the  surface*. 

'  It  is  inferior  especially,  bccautto  other  substances,  such  as  free  chlorine,  the 
ckknieB  Mad  other  miImIhiccs,  xxmy  a]aod«eoloriae  snlplttte  of  indigo,  and  thorcfiiiro 
IluB  b  no  eerldn  taat  of  ^  pntenee  of  nSlrio  ad&-— Sou 

'  The  chlorates  deflagrate  also  when  treated  in  this  manner.  Dr.  Fresenius 
lemarka,  that  if  pulverised  cyanide  of  potassium  be  mixed  with  a  nitrate,  and  heated 
on  a  foil  of  platinum,  a  vivid  deflagration  Mfill  take  fdace  even  though  ouily  TOy 
minute  portions  of  nitrate  be  present.— En, 

'  It  should  be  remembered  that  sulphuric  acid  often  ooatrins  tnoee  of  nitric 
acid,  the  absence  of  which  Utter  add  ahoold  be  aaoevteined  bdbie  oiiDg  this  test. 
The  ateeacio  of  irftrie  acid  migr  be  zeadiljr  aaeertained  by  boiling  the  eolphniie  add 
widi  a  anall  quantity  of  eohitum  of  hidigow  If  Ae  blue  eokmr  remains  vndianged, 
the  aboenee  of  nitrie  add  may  in  moat  caeaa  be  infei!red.->ED. 
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11"  a  little  zinc  be  dissolved  in  incrcurv  so  as  oulv  to  diiuiuish 
the  liquidity  of  the  mercury,  aud  a  small  portion  of  this 
amalgam  be  placed  in  a  small  porcelain  capsula,  and  if  a  solution 
of  neutral  protoehloride  of  iron  be  then  poured  upon  it  in 
sufficient  quantity  to  cover  it^  a  small  portion  of  nitrate  projected 
through  the  liquid  upon  the  mercury  produces,  after  some  time, 
a  black  mark  ou  the  spot  where  the  salt  rested.  This  method^ 
which  was  indicated  by  Eunget,  may  serve  to  detect  very  smaU 
quantities  of  a  solid  nitrate.  Liquids  containing  nitric  add,  or 
a  nitrate,  likewise  impart  a  black  colour  to  the  amalgam  in 
several  places,  but  the  reaction  is  less  sensible  than  with  the 
sohd  salts. 

AU  nitrates  are  decomposed  by  eiposure  to  a  red  heat'. 
Some  of  them  when  calcined  disengage^  firsts  oiygen  gas,  and 
are  converted  into  nitrites,  which  again  are  decomposed  by  a 

stronger  heat.  Other  nitrates,  especially  those  the  base  of 
which  is  a  mctaUic  oxyde,  disengage  oxygen  and  nitrous  acid 
when  exposed  to  a  red  heat.  J£  therefore  the  latter  nitrates  be 
introduced  in  a  tube  of  white  glass  closed  at  one  end,  and  heated 
therein  by  a  spirit-lamp,  the  tube  becomes  filled  with  ruddy 
fumes  indicating  the  presence  of  nitric  acid.  There  are  only  a 
few  of  the  nitrates  which,  when  exposed  to  a  red  heat,  part  with 
their  nitric  add  in  company  with  their  water  of  dystallisatioii, 
without  the  add  being  decomposed.  Nitrate  of  ammonia  is 
converted  by  heat  into  nitrons  oxydc  and  water. 

Of  the  experiments  whicli  have  just  been  related,  that  by 
means  of  copper  filings  and  sulphuric  add,  aud  that  by  means 
of  sulphuric  add  and  a  protosalt  of  iron,  give  the  most  certain 
results  for  the  purpose  of  detecting  nitric  add  in  the  nitrates ; 
for  the  phenomena  which  the  other  re-agents  produce  may  also 
take  place  with  other  substances'. 

'  The  nitrates  whose  ba.w  is  lui  alkali  are  (kcouiposod  by  a  red  heat,  Avith  disen- 
gagemeut  of  oxygen  mixed  with  nitrogen.  The  otlior  nitrates  disengage  ox^n 
and  rnd^y  Ames  of  nitrotis  Mid  wbyponitrio  acid.— £o. 

*  M.  BertliAiiot  Iim  pcopoMd  m  akethod  of  deleetiqg  nitric  Mid»  wiiidi 
eonsists  hi  pourmg  in  a  glaw  50  or  «0  gr.  mwMnro  of  oonecotrntad  m^iirie  add 
freo  fkom  nitrio  add,  and  tbea  a  fow  dnpa  of  Ura  Uqaor  In  whidi  the  pranwa  of 
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*  The  recent  researches  of  M.  Millon  modify,  in  an  important 
maimer,  the  chamcteristics  which  have  been  assigned  to  nitric 
acid. 

*  The  prooesa  which  is  generally  adopted  for  the  preparation 
and  pill  ilicat ion  of  nitric  acid  does  not  eliminate  a  certain 
quantity  of  nitrous  acid  which,  according  to  M.  Millon,  exer- 
cises a  Tery  great  influence  npon  its  properties.  Traces  of 
nitrons  acid  in  the  most  dilute  nitric  add  are  sufficient  to  cause 
the  precipitation  of  iodine  from  iodides,  of  sulphur  from  mono- 
sulpliurets,  and  from  the  {ujucous  solution  of  sulpluiretted 
hydrogen;  to  change  the  colour  of  protosalts  of  iron  into  brown, 
and  to  destroy  the  colour  of  sulphate  of  indigo,  whilst  the  pure 
nitric  add,  which  is  firee  firom  nitrous  add,  produces  none  of 
these  effects. 

*  when  nitric  add  contains  no  organic  matter,  it  may  be  freed 
from  nitrous  arid  by  putting  aside  the  first  products  of  the 
distillation,  which  contain  all  the  nitrous  acid ;  but  the  best 
method,  even  when  the  add  contains  organic  suhstances,  consists 
in  distilling  it  with  a  certain  quantity  of  bichromate  of  potash ; 
the  proportion  being  one  part  of  bichromate  for  100  of  nitric 
acid,  which  proportion  suffices  in  most  cases  when  the  density 
of  the  add  is  not  above  1*48 ;  by  this  process  the  nitrous 
add  is  oxydised  at  the  expense  of  the  oxygen  of  the  chromic 
add,  and  is  converted  altogether  into  nitric  add. 

*  In  order  to  prepare  a  more  concentrated  nitric  acid,  ^I.  Millon 
prescribes  to  distil  the  commercial  acid,  so  as  to  separate 
the  first  third  part  which  contains  the  most  aqueous  portion, 

nitric  Rcid  is  gn8pcct<»d.  The  whole  is  to  be  stirred  with  a  f»!as8  rod,  and  with  the 
moiiit  extremity  of  tlie  rod  a  Bmall  particle  of  brucine  is  taken  up  and  transferred 
to  the  acid  in  the  glaas  ;  tlie  whole  is  to  be  well  stirred.  If  any  nitric  acid  be 
present,  the  liquid  becomes  rad  and  afterwarda  yeUow.  If  no  nitrie  add  be  immi^ 
the  bnieiiie  doM  not  £aaolve.  Tho  pnaenoe  of  „^  of  nitrio  udA  may  thos  be 
detected. — Mr.  O'Shaogfaneaqr  bMebo  propoeeda  veiy  adSeatoiMt,  Ibonded  on  the 
omng^red  eolonr*  which  afterwards  becomes  yellow^  which  nitric  acid  imparts  to 
morphia.  The  supposed  nitrate  is  to  be  heate<l  in  a  test-ttibe  with  a  drop  of  sulphuric 
acid,  and  then  a  crystal  of  morphia  is  added.  Of  course,  tlie  absence  of  nitric  acid 
in  the  sulphuric  acid  employe<l  must  be  ascerteinod,  which  may  be  done  by  tttting 
the  solphttric  acid  with  morphia  in  another  tube. — Ed. 
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and  then  to  complete  the  diatillatiou,  after  hnviiig  added  to  the 
raridmim  its  own  bulk  of  concentnited  suljihuric  add.  The 
nitric  add  thns  obtained  most  now  be  deprived  by  a  second 
distiUation  of  the  snlpharie  add,  which  has  passed  over  in  the 
first  distillation,  and  it  has  then  the  highest  possible  density  ; 
but  it  contains  much  nitrous  acid  in  solution,  which  may  be 
eliminated  by  passing  through  it  a  current  of  diy  carbonic  add, 
the  temperatnre  bdng  kept  near  the  boiling  point. 

*  Thus  purified^  it  is  colourless,  and  very  filming ;  diluted  with 
two  or  three  times  its  bulk  of  water,  it  produces  no  cloudiness 
in  the  aqueous  solution  of  sulphuretted  hydrogen;  its  density 
is  1*552  at  +20°  cent.  (68°  Fahr.) ;  its  compodtion  is  exactly 
represented  by  NO^HO. 

4(  According  to  M.  Millon,  dilute  nitric  add,  of  a  dennty 
1  070  for  example,  when  perfectly  pure,  has  no  action  upon 
copper  at  a  temperature  of  -f-20"  (fi8^  Fahr.)  ;  but  if  a  current 
of  nitric  oxyde  be  passed  tlirough  this  liquid,  or  if  a  few  drops 
of  a  solution  of  nitrite  of  potash  is  poured  in  it,  the  copper 
is  immediatdy  attacked,  and  the  whde  of  the  metal  is  ultimately 
dissolved,  provided  the  quantity  of  acid  be  suffident. 

*  Temperature,  lio-vvcver,  lias  a  j^rcat  influence  upon  the 
oxydisement  of  metals  by  nitric  acid:  at  10"^^  or  20^  cent,  below 
lero  (firom  above  4°  above,  to  4°  below  0  Fahr.),  copper,  for 
example,  is  not  attacked  by  any  of  the  hydrates  of  that  add. 

*  Bismuth  and  tin  retain  their  metallic  lustre  at  a  temperature 
of  +20°  cent.  (08°  Fahr.)  in  the  acid  which  contains  one  or  two 
equivalents  of  water :  the  same  is  the  case  with  iron.  These 
metals  are  attacked  with  violence  by  a  less  concentrated  nitric 
add,  but  iron  remains  untoudied  in  presence  of  a  pure  aeid, 
which  contains  as  much  as  4-}  equivalents  of  water. 

*  Zinc  is  always  attacked  at  a  temperature  of  4-  20°  cent. 
(68°  Fahr.)  by  pure  nitric  acid,  whatever  may  be  its  degree  of 
cencwtration  or  of  dilution. — Peligot. 
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NITROUS  ACID,  NO,. 
(Aeide  im-emx.) 

Fumv  nitnms  add  is  Uqnid  when  it  has  been  condensed  by 

the  application  of  an  intense  cold,  in  which  state  it  is  of  a  doep 
green  colour,  bxit  if  exposed  to  a  still  more  intense  cold,  it  is 
oolaarless.  It  is  very  volatile.  At  the  ordinary  temperatore  it 
is  gaaeons,  and  has  a  deep  ieddish*yeUow  oolcmr.  It  is  never 
met  with  in  the  pnre  state  in  chemical  analysis,  bnt  combined 
with  nitric  acid  it  is  of  frequent  oc  currence,  and  the  mixture 
constitutea  the  acid  which  some  chemists  consider  as  a  particular 
d^ree  of  ozydisatkm,  and  which  they  call  nitrons  add,  whilst 
they  give  the  name  of  hyponitrons  to  the  tnie  nitrons  add. 

Nitrons  add  dissolves  in  water,  bnt  it  then  nndergoes  partial 
decomposition  :  nitric  oxyde  is  disengaged,  and  a  combination 
composed  of  nitric  and  of  nitrous  acid  and  of  water  is  formed. 

The  compounds  of  nitrons  add  with  bases  eannot  be  obtained 
in  a  direct  manner.  Th^  much  resemble  the  nitrates,  and  like 
them,  they  deflagrate  when  heated  in  conjunction  with  pulve- 
rised charcoal.  They  may,  however,  be  distinguished  from  the 
nitrates  by  the  following  methods : — 

If  to  the  solutions  of  a  nitrate^  mnziatic  add  and  gold-leaf  be 
added,  the  metal  does  not  dissolve,  nnless  they  at  the  same 
time  contain  a  nitrate.  It  is  true  that  the  liquid  has  a  slightly 
yellowish  tinge  when  concentrated  ;  but  this  colour  is  not  owing 
to  any  gold  dissolved,  and  it  vanishes  upon  addition  of  water. 

*  If  flulphniic  add  or  acetic  add  be  added  to  solutions  of 
the  nitrites,  nitrons  add  is  set  at  liberty ;  bnt  it  is  immediately 
converted  into  nitric  acid,  which  remains  in  solution,  and  in 
nitric  oxyde,  which  escapes  in  the  gaseous  state,  producing 
ruddy  fumes  of  nitrous  add  on  coming  in  contact  with  the  air. 
The  nitrites  are  not  decomposed  by  carbonic  add. 

When  solutions  of  the  nitrites  are  subjected  to  dirtillation, 
provided  the  boiling  is  oarriod  on  slowly,  nitric  oxyde  is  disen- 
gaged, which  on  coming  in  contact  with  the  air  is  converted 


240 


KITROUS  ACID. 


into  ruddy  vapours  of  nitrons  acid,  and  the  nitrite  in  solution 
is  converted  into  a  nitrate.  When  solutions  of  the  nitrites 
are  boiled  in  contact  with  the  air,  they  are  easily  oonverted 
into  nitrates. 

*  When  a  solution  contains  nitrous  acid,  or  when  h  nitntc  is 
treated  by  sulphuric  acid  and  a  pkotosalt  or  iron,  as  is  done 
for  the  purpose  of  detecting  nitrio  acid  or  a  nitrate  (page  233), 
the  same  phenomena  are  produced,  bnt  the  first  drops  of  the 
solution  of  protosulphate  of  iron  immediately  produce  the 
deep  bluckish-brown  colour,  while  in  the  case  of  nitric  acid  this 
characteristic  colour  is  produced  only  at  the  moment  of  the 
second  addition  of  the  iion  solution. 

*  The  solutions  of  the  nitrites,  the  base  of  which  is  an  alkali 
or  an  alkaline  earth,  restore  the  blue  colour  of  reddened  litmiia 
paper. 

Nitric  acid  is  about  the  only  acid  with  which  the  compounds 
of  nitrous  acid  may  be  confounded;  but  the  characteristica 
which  have  been  mentioned  are  sufficient  to  distinguish  the  one 
from  the  other. 

Tlie  combination  of  nitrous  with  nitric  acid  which,  as  above 
said,  some  chemists  consider  as  a  particular  acid,  is,  contained 
in  fuming  nitric  acid.  This  latter  acid,  according  to  Mitsher- 
Uch,  is  a  solution  of  nitrous  acid  in  nitric  acid.  It  is  ahnost 
entirely  decomposed  by  water;  the  nitrons  add  which  it 
contains  is  transformed  into  nitric  acid,  and  nitric  oxyde  is 
disengag:ed.  A  small  portion  of  nitrous  acid  always  remains, 
however,  in  the  fuming  nitric  acid,  which  has  been  diluted 
with  water*  The  addition  of  a  large  quantity  of  water  in 
fuming  nitric  add  destroys  its  peculiar  reddish-yellow  colour 
and  it  becomes  colourless. 

*  If,  however,  only  a  small  quantity  of  W5it(  r  ho  at  first 
added,  gradually  increasing  its  proportion,  the  acid  turns  green, 
then  blue,  and  lastly,  it  becomes  colourless. 

To  the  French  edition  the  following  remarks  are  added  by 

E.  Pehgot 

*  Since  the  publication  of  this  work,  nitrous  acid,  NO,  and 
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liTpooitiic  acid^  NO,,  have  been  the  subject  of  fresh  investi* 

gat  ions,  which  whilst  they  have  developed  the  true  characters 
of  these  substancesj  most  materially  modify  the  notions  whieh 
have  just  been  giyen.  • 

*  Nitrons  add,  NO,,  has  never  been  obtained  as  yet  in  the 
pure  state ;  it  is  never  productd  by  tlie  direct  comhination  of 
nitric  oxyde  with  oxygen,  which  was  admitted  to  be  the  case 
a  few  years  ago;  the  characters  assigned  by  M.  H.  Rose  to 
that  add  are  those  of  a  mixture  of  nitrons  and  hyponitric  adds. 

^  Hyponitric  add,  NO^,  is  obtained  by  heating  dry  nitrate 
of  lead,  or  by  the  combinations  of  nitric  oxydc  gas  ^y\t.]\  oxygen ; 
collected  in  a  vessel  surrounded  by  a  ^goritic  mixture  it  crys- 
tallises in  colourless  and  transparent  prisms,  whidi  begin  to 
fuse  at  a  temperature  of  — 9^  cent.  (15*8^  Fahr.) ;  at  the  ordi- 
nary temperature  it  forms  an  orange-coloured  liquid,  which 
boils  at  cent.  (71*6°  Fahr.) ;  it  is  this  acid  which  constitutes 
the  lUtroua  acidjwnes. 

*  By  contact  with  water  hyponitric  add  presents  several 
distinct  |)]iases  of  decomposition.  K  water  be  added  by  small 
portions  at  a  time,  tlie  acid  becomes  green ;  and  this  coluur  is 
so  much  deeper  as  the  proportiou  of  water  to  the  action  of 
which  it  is  submitted  is  larger ;  this  proportion  may  actually 
be  larger  than  the  weight  of  the  hyponitric  add,  without  any 
disengagement  of  gas  bdng  produced,  for  this  add  is  then 
decomposed  into  a  hydrate  of  nitric  acid,  and  in  free  nitrous  acid, 
which  remains  in  solution.  By  distilling  this  mixture  at  a  very 
gentle  heat,  and  condensing  the  more  volatile  product  in  a 
refrigeratory  mixture,  the  indigo-blue  liquid  thus  obtained 
boils  at  a  temperature  below  0^  cent.  (82®  Pahr.),  and  con- 
sists mostly  of  nitrous  acid ;  yet  a  certain  quantity  of  hyponitric 
add  always  passes  over  along  with  it;  which  latter  acid  can 
be  eliminated  only  by  rectifying  large  quantities  of  this  blue 
Uquid. 

*  If  a  still  larger  quantity  of  water  is  added  to  hyponitric 

acid  a  disengagement  of  nitric  oxyde  gas  is  produced,  resulting 
from  the  decomposition  of  the  nitrous  add  at  first  formed ;  at 
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the  same  tim6^  the  liquor  is  deedomed^  and  it  then  contains 
nothing  but  dilute  nitric  acid. 

*  M.  11.  Kosc  indicates,  as  a  means  of  dctcctiii'^  the  iiitntes, 
the  use  of  acetic  acid^  which  trausfurms  them  into  nitrates 
nnder  disengagement  of  nitric  oxyde  gas ;  this  process  is  uncer- 
tain; at  the  ordinaiy  temperature  the  nitrites  are  soluble 
without  decomposition  in  acetic  acid;  it  is  only  l)y  heating  the 
li([uid,  or  wlieu  tlic  chemical  reaction  developed  heat,  that  a 
disengagement  of  nitric  oxydc  is  manifested;  I  have  takeu 
advantage  of  this  property  to  analyse  the  basic  nitrite  of  lead 
by  means  of  the  peroxyde  of  that  metal^  the  nitrite  being  first 
dissolved  in  acetic  add  *. 

*  The  nitrite  of  silver  being  sparingly  soluble  in  water,  its 
production  may  scne  to  detect  the  soluble  nitrites ;  this  salt  is 
precipitated  in  the  form  of  silky  cr^^stals  of  a  yellowish>white 
colour  when  concentrated  solutions  of  nitrate  of  silver  and  of  an 
alkaline  nitrite  are  put  in  contact. 

5.  ACIDS  OF  CHLORINE. 
l\  PERCHLORIC  ACID,  QO,. 
(Acide  OxifMonque,) 

*  This  acid  is  obtained  by  decomposing  perchlorate  of  potash 
by  means  of  hydrofluosihcic  acid.  When  deprived  of  w  ater  as 
much  as  possible,  it  is,  according  to  Seiodlas,  solid  and  ciys- 
talline  at  the  ordinaiy  temperature;  it  fuses  at  45^  cent. 
(118**  fahr.)  By  exposure  it  rapidly  absorbs  the  moisture  of  the 
air,  and  emits  thick  white  fumes.  Its  aqueous  solution,  when 
carefully  evaporated,  may  be  brought  to  a  density  of  1*05.  It 
boils  at  200°  cent.  (39^°  Fahr.)  It  is  a  hmpid,  colourless 
liquid,  which  reddens  litmus  paper,  but  without  bleaching  it, 
and  it  dinolves  iron  and  zinc  with  disengagement  of  Igrdrogen 
gas. 

*  AMicn  liquid  perchloric  acid  is  mixed  with  concentrated 
S17LPHU&IC  Acin  it  is  almost  wholly  decomposed.  The  mixture 
becomes  yellow,  and  if  heated  to  ebullition,  chlorine  and  oxygen 

*  See  Amtala  de  Pk}/riqiu  ti  de  Chimitf  3rd  Mriea,  toL  2,  ptge  87. 
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gsses  are  evdred ;  wlultt,  at  the  same  time,  a  small  quantity  of 

perchloric  acid  sublimes  in  the  solid  form. 

*  A  solution  of  sulphurous  ACID^  of  SULPHUaSTTED  HYD&O- 

OBK,  or  of  MURIATIC  ACID,  does  not  decompose  perchloric  add, 
even  by^Mriliiig.  Neither  does  alcohol  produce  any  change. 
A  pieoe  of  paper  satumted  with  the  acid,  even  concentrated, 

does  not  ignite,  but  it  acquires  the  jjiopcTty  of  sciutillating  and 
decrepitating,  sometimes  with  detonation,  when  placed  upon 
red-hot  charcoal  *•  When  perchloric  add  is  heated  in  a  tuhe 
or  in  a  retort  until  it  hoilB,  if  a  dry  pieoe  of  paper  be  brought 
to  the  orifice  of  the  tube  so  as  to  make  it  reodve  the  vapours, 
the  paper  viWdly  and  spontan<jously  inflames. 

*  The  salts  which  perchloric  acid  forms  with  bases  arc  very 
aolnble  in  water;  with  the  exception  of  perdilmte  of  potash 
and  percUorate  of  ammomay  moat  of  them  deliquesce  in  the  air, 
and  are  likewise  insoluble  in  alcohol.  Perchlorates  of  potash, 
ot  aiiinionia,  of  protoxyde  of  lead,  and  of  suboxydc  of  mercuiy 
are  the  only  salts  of  this  acid  which  arc  not  deliquescent.  Fer- 
chlorate  of  potash  is  very  sparingly  soluble  in  water,  and  abso- 
lutely inaoluble  in  alcohol.  It  is  a  little  less  soluble  than 
bitartrate  of  potash,  owing  to  which,  according  to  S^rollas, 
when  i)crcliIoric  add  is  poured  in  a  saturated  solution  of  the 
latter  salt  a  very  slight  predpitate  of  perchlorate  of  potash  is 
piodnced. 

♦  All  the  perchlorates  are  neutral.  The  solution  of  those 
the  base  of  which  is  an  alkaH  or  an  alkaline  earth  does  not  alter 

the  colour  of  litmus  paper. 

♦  The  perchlorates  arc  not  altered,  at  least  at  the  ordinary 
temperature,  by  sulphuric  acid  nor  by  muriatic  acid.  When 
thrown  upon  ignited  charcoal  they  scintillate  more  or  less 
vividly.  Those  perchlorates  the  base  of  which  is  an  alkali  or  an 
alkaUue  earth  disengage  oxygen  when  exposed  to  a  red  heat, 
and  are  converted  into  a  metallic  chloride ;  wherefore,  solution 
of  nitrate  of  silver  produces  a  predpitate  of  chloride  of  silver  in 

'  The  perchlorates  being  less  fusible  thnn  the  nitrates,  generally  burn  kflBMaity 
than  Um  latter  salts  when  thrown  upon  igtiited  cbmrooal.— Eo. 

R  2 
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tbe  solution  of  a  perchlomte  wbich  has  previously  been  exposed 

to  a  red  heat,  whilst  this  rc-agent  does  not  trouble  the  solutiou 
of  a  pure  perchiorate  which  has  not  beeu  made  red  hot. 

*  The  oompouuds  of  perdiloric  add  are  easily  recognised  by 
the  property  which  most  of  them  possess  of  disengaging  ojjgea, 
and  becoming  conrerted  into  metallic  chlorides  by  exposure  to 
a  red  heat.  AVc  shall  indicate  further  what  are  the  means  of 
distinguishing  perchloric  acid  and  its  salts^  from  chloric  acid 
and  the  chlorates. 

•2  .  CHJ.ORIC  ACID,  ClO^. 
{Acide  Chloritpie.) 

Aqitbous  chloric  add  is  a  colourless^  or  slightly  yellowish 
liquid^  which  by  a  very  gentle  heat  may  be  evaporated  to  the 
consistence  of  oil,  which  is  better  effected  still,  at  the  ordinary 

temperature,  by  placing  it  under  a  bell  by  the  side  of  another 
vessel  containing  concentrated  sulphuric  acid'.  Diluted  with 
water,  it  first  reddens  litmus  paper,  and  then  bleaches  it. 

*  When  concentrated,  a  piece  of  paper  plunged  in  it  spon- 
taneously ignites  upon  being  taken  out,  and  an  odour  somewhat 
reticmbling  that  of  nitric  acid  is  emitted,  which  odour,  how- 
ever, ap])ears  to  be  peculiar  to  concentrated  chloric  acid  when 
heated.  Chloric  add,  like  most  other  adds,  dissolves  iron  and 
sine  with  diseu^^^agement  of  hydrogen  gas. 

Chlonc  acid  converts  suLruL  UoLs  acid  into  sulphuric  acid, 
and  is  thereby  resolved  into  chlorine. 

*  Tbift  is  atill  better  perfivmed  by  placing  the  aqueous  dilorie  add  over  a  dish  of 
coneeDtreted  nilplniric  eeid  williin  flie  vecfliver  of  u  ^pmnp,  m  in  Uie  fignnN 
— Eo. 
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It  converts  sulphuretted  hydrogen  into  sulphur  and 
water. 

It  transforms  xveiatic  acid  into  chlorine  and  water. 
These  reactions  essentially  distingoish  it  from  perchloric  acid. 

*  DOnte  chloric  acid  is  very  easily  altered  by  alcohol  and  by 
ether,  even  at  the  ordinary  temperature.  The  heat  thus  pro- 
duced is  considerable  enough  to  make  the  liquids  boil.  When 
there  is  little  alcohol  and  much  add,  the  action  is  so  riolent, 
that  the  alcohol  bursts  into  flame;  chlorine  is  disengaged,  and 
acetic  acid  jDroduced. 

*  When  concentrated  chloric  acid  is  heated  in  a  retort,  it  is 
decomposed ;  perchloric  add  is  formed,  which  distils  oyer,  and 
dilorine  and  oxygen  gases  are  disengaged. 

Chloric  add  forms,  with  bases,  compounds,  which  are  much 
oftencr  J;he  subject  of  analytical  research  than  the  ticid  itself, 
because  these  compounds  are  employed  in  several  manufactures. 
Th^  are  very  soluble  in  water,  except  chlorate  of  potash,  which 
is  diflScnltly  soluble  in  this  menstruum,  though  much  less  so 
than  the  perchlorate  * ;  *  wherefore,  perchloric  add  produces  in 
a  concentrated  solution  of  chlorate  of  potash  an  abundant 
predpitate  of  perchlorate  of  potash.  This  chlorate  is  much 
more  soluble  in  hot  than  in  cold  water. 

*  Except  chlorate  of  potash,  of  soda,  of  ammonia^  of  baryta, 
strontia,  protoxyde  of  lead,  and  oxyde  of  silver,  all  the  other 
chlorates  delujucsce  in  the  air. 

The  great  solubility  of  the  chlorates  prevents  chloric  acid  from 
being  predpitated  from  their  solutions  in  the  state  of  chlorate 
by  a  base,  or  by  the  solutions  of  other  salts.  A  concentrated 
solution  of  potash,  or  of  a  salt  of  potash  only,  can  precipitate 
chloric  acid  in  the  state  of  chlorate  of  potash  when  poured  in 
the  concentrated  solutions  of  the  soluble  chlorates.  This  is 
also  the  reason  why  the  solutions  of  pure  chlorates  are  not 

'  Afleorffilig  to  Gtj  LoBsae,  100  parts  of  water  at  .32°  Fahr.  rli»solve  3-5  parts  of 
chlorate  of  potash ;  at  59%  6  parts  ;  at  05%  12  part.«* ;  at  120%  1  f)  parts  ;  at  21  <r,  a 
t<  nipcrature  at  which  the  Batumtod  <u)Uition  boib,  60  parts,  whilst  the  perchlorato 
requires  more  than  50  parts  of  water  at  60''  to  dissolve  one  part. — Eo. 
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precipitated  by  nitrate  of  silver.  But  when  these  salts  have  not 
been  prepared  directly  by  saturating  the  pure  acid  with  baaes, 
they  frequently  contain  metallic  chloridea,  which  it  is  aometimea 
difficult  to  eliminate^  and  owing  to  their  presenoey  iolntion  of 
nitrate  of  silver  often  produces  a  precipitate  in  their  solutions. 
Solutions  of  pure  chlorates  have  no  action  upon  litmus  paper. 
*  All  the  compounds  of  chloric  add  with  bases  are  neutral. 

When  the  dry  compounds  of  chloric  add^  with  alkalies^ 
alkaline  earths^  and  other  powerful  bases  are  exposed  to  a  red 
heat,  oxygen  is  discnpa^ed,  and  they  are  converted  into  metallic 
chlorides,  and  perchlorates ;  *  the  latter  product  being  exposed 
to  a  still  stronger  heat,  undergoes  a  farther  decomposition, 
producing  a  disengagement  of  oxygen  gas,  and  ultimately 
nothing  remains  but  metallic  chlorides.  It  is  snffident  to  heat 
by  means  of  the  spirit  lamp  a  small  quantity  of  a  chlorate 
introduced  into  a  tube  closed  at  one  end  to  be  convinced  that 
oxygen  gas  is  disengaged,  for  a  glimmering  match  held  at  the 
orifice  of  the  tube  is  immediately  kindled  and  bums  with 
characteristic  vividness.  If  the  residuum  of  the  ignition  of  the 
salt  be  dissolved  in  water,  the  addition  of  nitrate  of  silver  gives 
an  abimdant  predpitate  of  chloride  of  silver. 

When  concentrated  sulphueio  acip,  in  the  cold,  is  poured 
upon  a  chlorate  placed  in  an  open  vessel^  for  example,  in  a 
somewhat  large  tube  of  white  glass,  closed  at  one  end,  there  is 
a  disengagement  of  greenish-yellow  vapours  of  chlorous  add 
analogous  to  the  colour  of  chlorine,  but  a  little  deeper.  It  is 
necessary,  in  such  an  experiment,  to  operate  only  on  small 
quantities  of  the  salt  and  not  to  heat  the  niLxture,  because 
othcr^\  isc  an  explosion  would  take  place.  The  chlorate  is 
thercb}'  converted  into  a  bisulphate  and  a  perchlorate. 

When  a  little  dilute  muriatic  acid  is  poiued  upon  chlorates, 
and  the  whole  cautiously  heated,  greenish-yellow  vapours  of 
chlorine  are  evolved 

*  Not  <rir  cUormo,  but  diicfl^'  of  protoxi  de  of  chlorine  mixed  with  chlorine.  This 
gM  IB  h^ly  cxploiiivc,  the  heftt  of  the  luuid  beiaf  often  tuiBoieiit  to  OMee  detoiM- 
tioii<— Ei>. 
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W  hen  chlorates^  especially  those  which  coiitaiu  uo  water  of 
oystalliaatioii,  are  heated  in  coiguiiction  with  aulphuTj  carbon 
or  mbftanoes  containing  carbon,  such  aa  sugar,  with  some 
metals  and  metallic  snlpliiirets^  but  especially  with  phosphoras 
they  detonate  most  violently,  in  consequence  of  vvhichj  sutli 
experiments  should  be  carried  on  with  extreme  caution^  and 
only  on  small  qnantities  at  a  time.  When  the  chlorates  are 
miied  with  aulplinr  or  cinnabar^  but  more  espedalty  with 
phosphorus,  it  is  sufficient  to  strike  tbem  with  a  hammer  on 
an  anvil  to  })rodiicc  a  detonation.  This  effect  is  produced  also 
by  a  blow  with  the  pestle  in  a  metallic  mortar.  When  a  mixture 
of  chlorate  and  of  snlphor  it  moistened  with  fuming  sulphuric 
wadf  it  bursts  into  flame.  Ignition  is  not  always  produced  when 
ofdinary  oil  of  yitriol  is  employed,  but  these  substances  always 
react  powerfully  upon  each  other,  and  there  is  an  odour  of 
chloride  of  sulphur  emitted 

lUie  chlorates  are  easily  recognised  by  the  violent  detonations 
which  they  produce  when  heated  in  contact  with  organic  bodies  • 
*  and  also,  because  most  of  them  (and  these  are  the  most  impor- 
tant)  arc  converted  into  oxygen  and  a  mctalhc  chloride  by  the 
action  of  a  red  heat. 

*  In  the  dry  state,  or  in  solution,  they  are  distinguished  from 
the  perchlorateSy  because  the  latter  are  not  altered  by  sulphuric 
nor  by  muriatic  acid,  whilst  the  chlorates  by  the  action  of 
sulphuric  acid  arc  decomposed,  become  yellow,  and  disengage  a 
greenish-yellow  gas. 

They  differ  from  the  nitrates  and  nitrites,  because  the  gas 
disengaged  by  these,  when  treated  by  sulphuric  acid,  is  mddy, 
and  does  not  smell  like  chlorine. 

*  Pure  chloric  jicid  is  distiujj^uished  from  perchloric  acid, 
because  the  latter  acid  is  not  decomposed  by  muriatic,  uor  by 
snlphurons  adds,  sulphuretted  hydrogen,  nor  alcohol*. 

>  A  mixture  of  a  dblorate  and  cyanide  of  poteMinm  heated  in  a  plaUnum  ciiiciLlc 
detonates  violently,  even  thougti  there  bo  only  a  very  minute  qiMOtitjr  <tf  diknUe. 
Only  very  small  (jviantiti*^  «1iouM  to  operated  upon. —  En. 

3  Chiwic  add  in  a  free  state,  and  consequently  Uie  solution  of  chluralvs  wlicn 


QlQili^ed  by  Google 


248 


UYPOCULORIC  ACID. 


*  The  following  note,  by  M.  K.  Peligot^  is  met  with  iu  the 
French  edition : — 

M.  Milloa  has  lately  discovered  a  new  combination  of 
chlorine  and  oxygen,  composed  of  one  equivalent  of  chlorine, 
and  three  equivalents  of  oxygen  CIO,,  corresponding  conse- 
quently to  nitrous  acid ;  but  the  name  of  chlorous  acid,  which 
M.  Millon  lins  given  to  the  compound^  cannot  be  retained  here, 
since  M.  H.  Jftoso  calls  by  that  name  the  acid  discovered  by 
M.  Balard.  We  shall  call  it,  therefore,  htpochloeic  acid, 
and  under  that  name  briefly  indicate  its  principal  characters. 

*  "VNTien  the  compound  of  chlorine  and  oxygen  C'lO^,  generally 
called  deutoxyde  of  chlorine^  is  put  in  contact  with  an  alkali,  it 
generally  behaves  like  hyponitric  add,  to  which  it  corresponda ; 
the  result  being  a  mixture  of  chlorate,  ClO^  BO,  and  of  hypo- 
chlorite CIO.,  RO;  it  is  known  that  the  deutoxyde  of  chlorine 
gas  is  of  an  intense  yellow  colour,  wliich  spontaneously  detonates 
with  great  violence,  even  at  the  ordinary  temperature;  it  is 
prepared  by  cautiously  treating  chlorate  of  potash  by  sulj^mric 
add,  diluted  with  about  half  its  wdght  of  water. 

*  Hypochloric  acid  is  likewise  produced,  according  to 
M.  Millon,  by  deoxydising  chloric  acid,  prorided  the  operator 
remains  within  the  limits  of  the  temperature,  beyond  which 
it  is  destroyed.  It  may,  for  example,  be  prepared  in  the  gaseous 
state,  by  submitting  to  a  temperature  of  about  50^  cent.  (122^ 
Falir.),  a  mixture  of  chlorate  of  potash,  of  tartaric  acid,  and 
of  diluted  nitric  acid ;  carbonic  acid  is  disengaged  at  the  same 
time. 

*  Hypochloric  add  is  a  veiy  deep  greenish-yellow  gas ;  its 
odour  very  much  resembles  that  of  deutoxyde  of  cUorine.  It 

trostoJ  by  sulphorie  add,  deooloriM  indigo  esaoll^  m  nitrie  acid,  especUUy  by 
hMtiiig  the  mizten  to  the  boiHng  pointy  m  bM  been  nid  in  the  Article  on  nitrie 
acid  im<\  tlic  nitratee.   When  therefore  this  teit  ie  leeotrted  to  for  tlie  detection  of 

chloric  acid,  tlie  ahHoncc  of  nitric  acid  or  of  a  nitrate  must  be  Mcerlained  beforehand. 
Dr.  FreseniiiH  remarks,  that  if  to  tlie  li(|ul(l  midor  examination,  a  few  drops  of  solution 
of  sulphate  of  iiuiigD  he  added,  so  as  to  render  it  slightly  hlne.  a  j^olutiou  of  gulplmrous 
ncid  i>oured  carefully  therein  decoloriHCs  the  uidigo,  owing  to  tiie  sulphurous  acid 
depriving  the  eUovio  ndd  of  its  oxygen,  and  thua  liberfttiug  chlorine,  which  then 
rescte  upon  the  ind^ — Ed. 
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bleaches  litmus  paper  and  sulphate  of  indigo.  At  about  60® 
cent.  (140°  Eahr.)  it  is  decomposed  with  a  alight  explosion. 
'  *  Water  dissolTes  about  five  or  six  times  its  hulk  of  this 
gms,  and  assiiTnes  at  the  same  time  a  very  deep  fjoldcu 
tinore  ;  a  single  bubble  is  sufldcieut  to  impart  a  greenish-yeilow 
colour  to  a  quart  of  water  \ 

*  The  aqueous  solution  of  hypochloric  acid  acts  Tariously  upon 
metals;  with  mercury  it  forms  a  perchloride;  with  copper,  a 
mixture  of  chlorate  and  of  chloride ;  with  zinc  and  lead,  a 
mixture  of  chlorite  and  of  chlorate.  It  does  not  attack 
antimony  *. 

*  All  oxydes  without  exception^  e^en  the  alksline  ones,  oom- 
faine  with  difficulty  with  this  acid ;  hydrate  of  lime  has  no  action 

upon  gaseous  hypochloric  acid,  and  even  potash  combines  but 
slowly,  and  only  after  a  prolonged  agitation. 

*  Hypochlorates  of  lead,  of  silver,  of  baryta,  and  of  strontia, 
have  been  obtained  in  oystals  in  a  pure  state ;  treated  by 
dilute  nitric  add  they  disengage  hypochloric  acid  in  the  gaseous 
state. 

*  Hypochloric  acid  gas  may  be  distinguished  from  chlorine, 
because  its  bleaching  power  is  not  destroyed  by  a  solution  of 
anenioua  acid  in  muriatic  acid;  it  continues  to  act  upon 
sulphate  of  indigo,  however  large  may  be  the  quantity  of  arsenious 

acid  present.  It  differs  from  deutoxyde  of  chlorine,  because, 
when  treated  with  potash,  it  does  not  form  a  chlorate.  — £.  P. 


8*.  CHLOROUS  AaD,  00. 
(Aeide  Ckioma.) 

*  According  to  Balard,  the  aqueous  solution  of  chlorous 

acid,  when  it  has  been  obtained  by  causing  chlorine  gas  to  be 
absorbed  by  a  mixture  of  protoxyde  of  mercury  and  water, 

1  Solar  light  decompowQ  bypofhlorii-  :\r\A  <^n^  and  the  solution  thereof. —  En. 

2  M.  Millon  says  tliat  goM  and  platinuni  also  resist  iU  action.  Dry  hypochloric 
acid  gufi  doi's  not  act  upon  meta]«y  eYen  upou  juuc.  Metallic  mercury  alone  absorbs 
it  without  residuum. — ElK 
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is  a  transparent  liquid  wliicli,  when  concentrated,  has  a 
slightly  yellowish  colour.  This  acid  has  a  penetrating  odour 
cliffenng  greatly  from  that  of  chlorine,  and  a  strong,  but  not 
an  add  taste.  It  decomposes  most  organic  substances  with 
disengagement  of  carbonic  acid  gas,  and  of  gaseous  chlorine ; 
it  converts  indigo  into  a  yellow,  slightly  bitter  substance.  It 
strongly  attacks  the  epidermis,  and  tinges  it  brownish-red. 
It  is  easily  decomposed,  especially  in  the  concentrated  state, 
chlorine  gas  is  evolTcd,  and  it  is  converted  into  chloric  add. 
At  the  temperature  of  boiling  water,  this  decomposition  is  only 
slight,  !so  that  tliis  acid  oiay  be  distilled,  and  concentrated  by 
means  of  the  water  bath. 

*  ChloKHis  add  is  gaseons;  its  yellow  colour  resembles  that 
of  chlorine,  with  which,  in  this  respect,  it  might  easily  be 
confounded.  Its  odour  is  analogous  to  that  of  the  aqueous 
solution.  It  is  absorbed  bv  water  and  1)^-  incrcury.  At  a  high 
temperature  it  detonates,  and  is  decomposed  into  chlorine  and 
oiygen  gases.  Muriatic  acid  transforms  it  into  chlorine  and 
water.  It  converts  metallic  chlorides  into  oxydes  and  per* 
chlcmdes.  It  addifies  bromine,  iodine,  sulphur,  selenium, 
phos})horus,  and  arsenic ;  the  two  first  substances  Avithout,  and 
the  four  last  with,  detonation  and  liberation  of  chlorine  which 
combines  with  the  excess  of  the  substance. 

*  The  aqueous  add  combines  with  the  powerful  bases,  espe- 
ciaUy  with  the  alkalies  and  alkaline  earths ;  yet  the  dilorites 
thus  produced  are  easily  decomposed.  They  resist  decomposition 
for  a  longer  time  when  they  contain  an  excess  of  base,  and  in 
that  case  they  may  at  a  low  temperature  be  evaporated  to 
dryness  in  vacuo.  At  a  somewhat  high  temperature  they  are 
converted  into  chlorates,  and  metallic  chlorides,  which  conversion 
is  often  accompanied  with  a  sliglit  disengagement  of  oxygen  gas, 
when  the  base  is  in  excess. 

*  These  chlorites  are  identical  w  ith  the  combinations  obtained 
by  passing  chlorine  gas  through  diluted  solutions  of  pure  alkalies, 
or  alkaline  carbonates,  or  through  hydrate  of  lime ;  the  only 
difference  consists  in  this,  that  the  latter  combinations  are 
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mixed  wHb  the  eonrespoiicUiig  metallic  chkurides.  In  a  practical 
poiiit  of  -new,  these  combinatiGiM  are  eioeedingly  important, 
and  denhtlees  they  are  ranch  eftener  the  subject  of  analytical 

investigation  than  the  pure  chlorites.  Many  chemists  have 
considered  them  as  compounds  of  chlorine,  and  of  the  basic 
0xjde9  by  which  they  are  produced,  whence  they  are  generally 
known  under  the  name  of  chlcmde  of  potash,  ehloride  of  soda, 
eUoride  of  Ume,  denominatioiis  which  we  shall  retain  hm  for 
the  sake  of  brevity. 

*  Chloride  of  potash  and  chloride  of  soda  are  completely 
soluble  in  water ;  chloride  of  lime  when  treated  by  water  leaves 
a  residuum  of  hydrate  of  Hme.  These  solutions  have  a  peculiar 
taste,  similar  to  that  of  the  aqueous  solution  of  cMorons  acid ; 
and  they  diilcr  from  the  combinations  which  chloric  and  per- 
chloric acid  form  with  bases,  because  they  destroy  the  colour  of 
litmus  pi^er  and  other  organic  colours ;  even  indigo  is  easily 
destroyed  by  them;  yet  this  effect  is  ordinarily  produced  only 
when  a  dilute  acid  is  further  added. 

*  If  an  excess  of  dilute  muriatic,  sulphuric,  or  other  acids,  even 
nitric  acid,  be  added  to  the  solutions  of  these  combioatious, 
chlorine  gas  is  evolved,  and  the  odour  of  putrefying  animal 
matter  is  thus  destroyed.  Vinegar  and  other  vegetable  acids 
Hkewise  disengage  chlorine  from  these  solutions,  but  with  less 
c^erg%^  The  carbonic  acid  of  the  air  is  even  sufficient  gradually 
to  determine  this  disengagement,  so  that,  like  the  same  combi- 
nations in  the  solid  state,  they  disengage  a  feeble  odour  of 
chlorine  and  are  converted  into  carbonates  when  abandoned  for 
a  long  time  in  oontaetwith  the  air. 

*  If  a  current  of  carbonic  acid  gas  be  passed  through  a  solution 
of  chloride  of  alkali,  chlorine  is  more  rapidly  disengaged. 

*  The  chlorine  gas  which  acids  disengage  firom  chlorides  of 
alkalies  generally  contain  a  sinall  quantity  of  chlorous  add. 

*  Concentrated  phosphoric  acid  put  in  contact  with  pure 
chlorites  completely  free  from  the  cori'esponding  metallic 
chlorides,  expels  chlorous  acid  gas,  which  is,  however,  dithcult 
to  obtain  completely  free  from  chlorine  gas. 
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*  A  very  small  quantity  of  solution  of  nitrate  of  silver 
poured  in  solutions  of  chlorides  of  potash^  of  soda,  or  of  limOj 
produces  a  white  precipitate  of  chloride  of  nlyer,  because  th^ 
contain  some  metalUc  chloride.  If  a  larger  quantity  of  nitrate 
of  Bilyer  is  employed^  a  black  precipitate  is  formed,  produced  by 
the  excess  of  base  which  these  solutions  contain;  and  when 
nitric  acid  is  added  to  this  black  precipitate  it  is  converted  into 
a  white  curdy  precipitate  of  chloride  of  silver. 

*  When  in  these  solutions  an  excess  of  one  of  nitrate  of  lead 
is  added,  a  precipitate  is  formed  which  is  white  at  first,  but 
which  soon  turns  yellow.  The  filtered  liquor  deposits  in  time 
some  peroxydc  of  lead. 

*  Submitted  to  evaporation  the  solutions  of  chlorides  of  alka- 
lies are  gradually  decomposed,  exactly  like  the  pure  chlorites, 
into  metallic  chlorides  and  chlorates. 

*  When  these  combinations  are  heated  in  the  solid  state  in 
a  retort  over  the  spirit-lamp,  a  small  quantity  of  chlorine  is  at 
first  disengaged,  and  the  chlorites  are  converted  into  metallic 
chlorides  and  chlorates ;  the  latter,  if  the  application  of  heat  be 
continued,  are  likewise  convorted  into  metallic  chlorides  and 
into  oxygen  wliicli  escapos  in  the  gaseous  state,  and  is  easily 
recognised  as  such  by  tlic  property  which  it  possesses  of  re- 
kindling a  glimmering  splinter  held  at  the  orifice  of  the  neck  of 
the  retort. 

*  The  disengagement  of  gaseous  chlorine,  which  takes  place 

when  the  solutions  of  the  combinations  of  chlorites  with  metal  lie 
chlorides  arc  treated  with  dilute  acids,  and  that  of  oxygeu 
produced  by  heating  them,  are  two  characters  which  distinguish 
these  from  all  other  combinations. 


In  the  French  edition  the  following  remarks  by  £.  Peligot 
have  been  added: — 

According  to  the  recent  rL'scurclics  of  M.  Gay  Lussac, 
chlorous  acid  is  easily  prepared  by  putting  in  contact  chlorine 
and  oxy  de  of  mercury  both  well  dried,  into  a  stoppered  glass  bottle 
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of  about  fifty  or  sixty  cubic  inclies  capacity,  full  of  chlorine ;  a 
^ass  tube  dosed  at  one  end  is  introduced,  the  two-thirds  of 
which  tnbe  are  filled  with  oxyde  of  mercury,  and  the  remaining 

third  contains  fine  well-dried  sand.  The  tube  is  ])laced  in  the 
bottle,  with  the  closed  end  downwards,  and  after  having  fixed  the 
stopper,  which  is  slightly  greased,  the  sand  and  the  oxyde  of 
mercniy  are  gently  shaken  oat ;  the  oolonr  of  the  chlorine  almost 
immediately  ranishes,  and  the  experiment  i»  complete.  On 
opening  the  bottle  under  mcrcurj',  it  (the  jnercurj')  rises  in  it 
about  half  way  up ;  with  water  the  absorption  is  very  rapid  aud 
almost  entire. 

*  M.  Balard  has  attributed  to  chlorous  acid  gas  a  yellow  colour 
more  intense  than  that  of  chlorine.  M.  Qny  Lussac  has  always 
obtained  it  perfectly  coloui'less,  even  in  a(iueou>*  and  in  alkaline 
solutions,  which  contain  more  than  twenty  times  their  bulk 
of  it. 

^  The  predominating  character  of  this  acid  is,  that  it  is  yery 

unstable;  in  the  ga.seous  state  it  sometimes  explodes  at  the 
ordinary  temperature;  dissolved  in  water  it  is  more  fixed, 
yet  it  gradually  undergoes  spontaneous  decomposition.  Solar 
light  greatly  accelerates  its  decomposition,  especially  wheA 
concentrated. 

*  A  given  volume  of  chlorous  gas  coiituiniug  an  equal  bulk 
of  chlorine  and  half  a  volume  of  oxygen,  these  two  bodies 
having  exactly  in  the  acid  the  same  decolorising  power,  the 
result  is,  that  the  power  of  a  solution  of  chlorous  add  must  be 
referred  for  one  half  to  the  chlorine,  and  the  other  half  to 
the  oxygen. 

*  ^I.  Ciay  Lussac  has  established,  by  decisive  experiments, 
that  the  combinations  formed  by  chlorous  acid  and  the  bases 
cannot  be  assimilated  by  their  composition  to  hyposulphites  and 
h>'pophu  phites,  and  that  theur  true  formula,  calling  R  the 
metallic  radical,  is  CIO,  RO,  and  not  C1,0,,  RO";  this  kst 
formula  was  generally  admitted,  as  is  well  known. 

*  When  a  chlorite  mixed  with  a  metallic  chloride  in  suffi- 
cient quantity  is  treated  by  an  excess  of  sulphuric  add,  chlorine 
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is  imincdiately  evolved  \n  ith  effervescence.  The  metal  of  the 
chloride  takes  up  the  oxygen  of  the  chlorous  acid,  and  dissolves 
in  the  snlphimc  acid^  and  the  chlorine  forniahed  both  by  the 
chloride  and  by  the  add  is  set  firee  and  is  diaengaged, 

*  Bat  if  the  sulphuric  acid  is  added  with  care,  and  at  most 
in  just  sufliciciit  quantity  to  decompose  the  chlorite  only, 
chlorous  acid,  not  clilorinc,  is  then  disengaged ;  this  important 
observation  of  M.  G^y  Luasac  permits  the  employment  of 
ehloridea  of  oxydes  for  the  preparation  of  chlorous  add.  These 
compounds  in  effect  are  mixtures  of  chlorites  and  of  chlorides ; 
thus  the  neutral  chloride  of  potash,  CIO,  KG,  produced  by  the 
action  of  chlorine  upon  a  dilute  solution  of  caustic  or  cai  bonated 
potash^  behaves  like  a  mixture  of  ClK-f  ClO^  KO ;  treated  by  a 
quantity  of  sulphuric  add  suffident  to  saturate  only  half  the 
potash  employed  to  produce  it,  it  furnishes  clilorous  acid  in  the 
state  of  a  culourlcss  solution,  from  which  it  may  easily  be 
separated  by  distilling  the  liquid  at  a  gentle  heat. — E.  P. 


6.  BROMIC  ACID,  BrO., 
(Aeidc  Bromique.) 

Aqusous  bromic  add  is  a  colourless  or  slightly  reddish  liquid 
which,  with  proper  care  may  like  chloric  add  be  evaporated 

to  syrupy  consistence,  but  it  cannot  be  distilled  without  under- 
going a  decomposition,  the  result  of  which  is^  that  part  of  it  is 
converted  into  bromine  and  oxygen  gas.  It  reddens  litmna 
paper,  but  when  left  to  a  long  time  in  contact  with  it,  it 
ultimately  bleaches  it.  It  is  decomposed  by  muriatic,  hydro- 
bromic,  sulphurous  acids^  and  sulphuretted  hydiogcn'  precisely 
as  chluiic  acid. 

*  It  is  also  very  rapidly  decomposed  by  alcohol  and  ether, 
much  heat  being  disengaged^  and  there  is  a  production  of 
bromine  and  of  acetic  add,  part  of  whidi  latter  substance  uniting 

t  Bromic  Mid  ia  alw  deoompoied  bgr  phoaphoroiis  addtodbyaD  Ae  hydrMids^ 
toomiiit  btin^  ndiiiMd*— Ed. 
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with  tlie  portion  of  alcohol  which  has  resisted  decompoflitiouj 
forms  acetic  ether. 

Some  bases  which  by  oomhiiiing  with  chloric  acid  form  salts 
which  are  soluble  in  water,  produce  with  bromie  acid  compounds 

some  of  which  are  sparingly  soluble,  others  iusohible  in  tliat 
menstruum.  Solution  of  nitrate  op  silver  produces  in 
solutions  of  bromates,  even  when  firee  £rom  metallic  bromides,  a 
white  precipitate  of  bromide  of  silrer,  soluble  in  ammonia  and 
insoluble  in  nitric  add.  This  precipitate  may  be  distinguished 
from  eliluridc  of  silver  because  it  is  only  slightly  blackened  by 
the  influence  of  daylight,  and  detonates  like  the  bromates  in 
general  when,  being  mixed  with  pulverised  charcoal,  heat  is 
apphed. 

A  concentrated  solution  of  nitbatb  ov  lbau  Hkewiie  gives  a 
white  precipitate  in  solutions  of  bromates ;  but  this  precipitate 
is  redissolvcd  by  a  large  addition  of  water. 

When  1)romates  in  the  solid  state  are  exposed  to  a  red  heat, 
they  behave  like  the  chlorates,  that  is  to  say,  they  are  converted 
into  metallic  bromides,  during  the  formation  of  which  oxygen 
gas  is  evolved,  which  may  be  recognised  as  such  by  means  which 
will  be  described  further  on.  When  mixed  with  charroal, 
sulphur,  or  other  combustible  bodies,  and  heated,  they  detonate 
almost  as  violently  as  the  chlorates;  even  percussion  is  often 
sufficient  to  produce  this  effect.  If  the  mixture  be  moistened 
with  fuming  sulphuric  acid  it  immediately  bursts  into  flame. 
If  the  bromate  contains  water  of  crystallisation,  the  phenomena 
are  less  evident. 

When  bromates  are  introduced  into  a  gkss  tube  closed  at 
one  end,  and  concentrated  svlpbvbic  acid  is  poured  mpon, 
them,  in  the  cold,  gaseous  bromine  is  disengaged,  which  is 
recognisable  by  its  hyacinth-red  colour.  Oxygen  gas  is  also 
evolved  at  the  same  time*  Most  bromates  are  decomposed  in 
the  same  manner  by  nitric  add  aa  well  as  by  sulphuric  add, 
when,  after  having  dissolved  them  in  a  small  quantity  of  water, 
dther  of  these  two  adds  is  added  and  the  whole  heated ;  the 
mixture  becomes  then  alto^'cthci  of  a  fine  hyacinth-red  colour, 
which  is  due  to  a  liberation  of  bromine.    Certain  bromates. 
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for  example  the  bromate  of  baryta,  arc  thus  decomposed  oqIj 
in  the  solid  state^  but  not  when  in  solution. 

Bromates  have  the  greatest  resemblance  with  chlorates. 
They  are  distinguished  from  them  because  solution  of  nitrate  of 
silver  produces  in  bromates  a  white  precipitate,  and  because,  in 
the  solid  statCj  they  disengage,  when  treated  by  cold  concentrated 
sulphuric  acid,  not  a  greenish-yeUow  gas  like  the  chlorates,  but 
a  hyadnth^red  gas  somewhat  resembling  the  colour  of  nitrous 
add.  The  bromates  differ  from  the  nitrites  by  the  manner  in 
whicli  they  are  decomposed  when  exposed  to  a  red  heat.  They 
are  distinguished  from  the  other  salts  because,  when  mixed 
with  coTiibustible  bodies  and  heated,  they  detonate  violently. 

*  The  existence  of  a  bromoui  acid,  BtO,  is  yeiy  probable,  but 
has  not  yet  been  positively  demonstrated. 

7.  ACIDS  OF  IODINE. 

p.  OXYIODIC  ACID,  10,. 
(AciWe  Ojci/iodiquc.) 

*  AccoBDiNoto  Magnus  and  Ammermiiller,  aqueous  oxyiodic 
acid  is  obtained  by  treating  the  neutral  oxyiodate  of  silver  by 
water,  which  extracts  half  the  acid  and  leaves  a  basic  oxviudate 
of  silver  undissolved.  The  acid  may  be  crystallised  by  a  gentle 
evaporation*  In  the  crystalline  state  it  does  not  undergo  any 
change  in  the  air,  nor  does  it  deliquesce.  When  heated  it  is 
transformed  first  into  oxygen  gas  and  iodic  add,  which  in  its  turn 
is  resolved  into  oxygen  gas  and  iodine.  The  aqueous  solution  of 
the  acid  may  be  boiled  without  being  decomposed.  Muriatic 
add  decomposes  it  under  disengagement  of  chlorine  gas. 

*  According  to  Bengieser,  oxyiodic  add  fuses  at  130^  cent. 
(a66**Fahr.),  without  decomposition ;  at  160°  cent.  (320°  Fahr.)  it 
loses  its  water  of  cr^'stallisation ;  between  ISS"^  and  190°  cent. 
(370^  or  374°  Fahr.)  it  is  converted  into  iodic  acid  and  oxygen. 
The  crystallised  add  is  pretty  soluble  in  alcohol  and  in  ether. 
These  solutions  when  dilute  do  not  appear  to  undergo  any 
change^  even  by  boiling.  Most  metals  are  oxydised  by  the 
aqueous  acid. 
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*  The  solutions  of  the  ucutral  siilts  of  barytii,  of  lime,  of  pro- 
toxyde  of  lead,  added  to  a  solution  of  oxyiodic  acid,  perfectly 
aatimted  with  carbonate  of  soda,  precipitate  therefrom  insoluble 
basic  ozjiodaAes  of  a  white  colour,  and  the  filtered  liquid  reacts 
like  an  acid.  If  the  oxjiodate  of  lead  be  heated,  or  if  it  be 
precipitated  from  a  warm  solution  of  oxyiodic  acid,  it  is  yellow, 
and  contains  no  water  of  crystallisation.  The  same  phenomena 
are  produced  with  the  subsalta  and  protosalts  of  mercury. 
When  subnitrate  of  mercury  is  poured  in  a  solution  of  neutral 
oxyioclate  of  soda  a  yellow  precipitate  is  produced,  wliich 
becomes  brownish-red  by  applying  heat.  AVith  the  solution  of 
a  protosalt  of  mercury  (for  example,  corrosive  sublimate)  a  white 
precipitate  is  obtained,  which  heat  renders  yellowish;  with  s 
solution  of  protoxjde  of  copper  a  yellowish-green  precipitate, 
which  becomes  deeper  by  w  arming ;  salts  of  proto  and  of 
peroxyde  of  iron  produce  a  whitish-yellow  precipitate.  All 
these  precipitates  are  easily  soluble  in  dilute  nitric  acid. 

*  Oiyiodic  add  forms  with  alkalies  as  with  oxyde  of  silTcr, 
neutral  and  basic  salts.  The  two  salts  of  potash  are  yery  sparingly 
soluble,  like  the  oxychlorate  of  that  base.  Tlic  neutral  oxyiodate 
of  soda  is  very  soluble,  and  the  basic  oxyiudate  of  soda  is  almost 
insoluble.  The  neutral  oxyiodate  of  silver  has  an  orange  colour, 
and  is  decomposed  by  water;  and  the  basic  salt  which  is' 
thereby  produced  is  insoluble  in  that  liquid.  This  basic  salt  is 
yellow,  and  assumes  a  brownish-red  colour  after  treatment  with 
hot  water;  it  then  contains  less  water  than  the  yellow  salt. 
Basic  oxyiodate  of  silver  is  precipitated  even  from  the  solutions 
of  neutral  or  basic  alkaline  oxyiodates  to  which  water  has  been 
added,  when  a  solutionof  nitrate  of  silver  is  subsequently  pouredin. 
This  character  may  serve  to  detect  oxyiodic  acid  in  these  liquids, 

*  Oxyiodates  are  decomposed  by  exposure  to  a  red  heat  under 
disengagement  of  oxygen  gas;  the  neutral  oxyiodates  leave  a 
residuum  of  metallic  iodide;  the  basic  oxyiodates  leave  a 
mixture  of  metallic  iodide  and  of  oxyde,  or  if  the  latter  be 
reducible  by  heat,  such  as,  for  example,  oxyde  of  silver,  the 
residuum  is  a  mixture  of  iodide  and  of  metal.    The  basic 
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owiodulc  of  Noda  abandons  three-fourths  of  its  oxygen  at  a  heat 
which  ghisa  can  bear :  it  is  necessary  to  increase  the  heat  consi- 
derably in  order  to  expel  the  last  fourth  part.  The  mass,  which 
has  been  Ibebly  heated  to  redness,  and  which  is  next  dissolved 
in  water,  gradually  decolorises  litmus  paper. 

2  .  IODIC  ACID,  10,. 
(Aeide  loMgrn.) 

According  to  S^rullas,  aqueous  iodic  acid  may  easily  be 
obtiuiu  d  in  crystals'.  It  is  very  soluble  in  water,  but  sparingly 
so  in  alcohol,  by  wliich,  however,  it  is  not  materially  decomposed. 
Exposed  to  the  air  it  undergoes  no  change^,  though  if  the  air  be 
damp  it  ddiquesces.  At  a  high  temperature  it  fuses,  and  is 
reduced  into  iodine  and  oxygen  gas  without  residuum. 

The  aqueous  solution  of  tin's  acid  reddens  litmus  paper  in  a 
permanent  manner,  according  to  (^onnel.  *  Several  other  vege- 
table colours  are  likewise  reddened  by  it,  but  they  do  not  retain 
that  hue,  and  after  a  time  become  bleached.  The  solutiott 
oxydises  the  metals,  eyen  gold. 

*  Muriatic  acid  decomposes  iodic  acid,  and  when  poured 
in  a  solution  of  the  latter  acid  a  strong  odour  of  chlorine  is 
immediately  disengaged. 

*  SmcvHVBXTTBD  HTDRooBN  slso  dccomposes  iodic  add.  When 
solution  of  suLPRURVTTBD  HTi>ROGBN  is  pouTcd  in  that  of  iodic 
acid  a  brown  precipitate  of  iodine  is  formed,  which  is  re-dis- 
solvcd  by  addition  of  a  larger  quantity  of  liquid  sulphuretted 
hydrogen,  and  sulphur  is  separated. 

*  A  small  q[uantity  of  si7lphueous  acid  added  to  iodic  acid 
determines  a  precipitate  of  iodine,  insoluble  in  an  excess  of  the 
re- agent 

*  Iodic  acid  forms  neutral  salts  with  the  bases,  but  with  some 
of  them  it  forms  add  salts;  such  is  the  case,  for  example,  with 

*  Crystallised  iodic  acid,  according  to  M.  Milieu,  contains  one  atom  of  water. — Ed. 
-  The  sulphurous  acid  becomes  converted  into  sulphuric  acid,  according  to  M. 

Millon.  If  iodic  acid  be  dissolvetl  in  concentrated  but  not  ubsoluto  alcohol,  and  sidphiiric 
acid  bo  pom*ed  in  drop  by  drop,  taking  care  that  the  mixture  does  not  become 
too  haif  while,  •hining,  crystalline  spangles  am  obteined  on  cooling,  which  are 
HO +1 .0..  This  oombination  may  alw  be  obtained  with  anhydrooa  akohoL^Eo^ 
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potash.  Most  iodates  arc  sparingly  soluble^  or  iusolublc,  except 
the  neatnd  iodates  of  alkalies,  which  are  very  soluble.  Where- 
Ibre  crjrstalline  precipitates  aire  produced  when  the  sdution  of 
the  iodate  of  an  alkali  is  poured  in  that  of  a  salt  of  baryta, 
strontia,  lime,  protoxyde  of  le;ul,  or  oxyde  of  silver. 

*  The  precipitates  which  arc  formed  in  solutioiis  of  salts  of 
barytay  protoxyde  of  lead,  oxyde  of  silver,  i^pear  immediately; 
those  formed  in  solutions  or  salts  of  8tronti%  and  of  lime,  are 
manifested  only  after  some  time,  and  only  when  the  liqnids  are 
concentrated  (pages  26,  31,  36).  The  iodate  of  silver  precipi- 
tated by  a  solution  of  nitrate  of  silver  is  soluble  in  ammonia, 
bat,like  the  bromate  of  silver,  it  is  not  soluble  in  dilute  nitric  acid. 

SuLPHimic  ACID  and  other  oxacids  do  not  iqipear  to  have 
any  other  action  upon  the  iodates,  except  to  convert  them  into 
acid  iodates,  or  else  to  separate  the  iodic  acid. 

When  the  iodates  arc  mixed  and  heated  with  combustible 
anbstances  they  detonate,  but  not  so  strongly  as  the  chlorates 
and  bromates. 

When  the  iodates  are  exposed  to  a  red  heat  in  a  small  retort, 

they  are  converted  into  metallic  iodides  under  disenjjagemcnt  of 
oxygen.  If  the  salt  thus  treated  be  an  acid  iodate,  oxygen  gas 
and  vapours  of  iodine  are  disengaged,  and  the  residuum  is  a 
metallic  iodide. 

The  best  character  for  detecting  the  iodates  is  the  disengage- 
ment of  oxygen  and  their  conversion  into  metallic  iodides  when 
they  are  heated  in  a  small  retort.  The  disengaged  gas  may  be 
recognised  as  o^gen  by  presenting  to  the  orifice  of  the  retort  a 
glowing  match,  which  is  immediately  rdundled.  I  shall  indi- 
cate further  on,  when  ti  catiu^^  of  metallic  iodides,  how  a  metallic 
iodide,  or  rather  iodine  in  a  metallic  iodide,  can  be  detected. 

8.  ACIDS  OF  PHOSPHORUS. 
PHOSPHORIC  ACID,  PhO,. 

{Acidc  Pho»pliOriqu(.) 

PflosPBOEic  add  is  obtained  in  the  anhydrous  state  by  burning 
phosphorus  in  a  great  quantity  of  oxygen,  or  of  dry  atmospheric 
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air ;  it  is  then  in  the  form  of  white  Hakes.  Aqueous  phosphoric 
acid  (hydrated)  may  be  obtaiiied  in  the  solid  state  by  evapo- 
rating its  aqueous  solution  in  platinum  vesselSy  beating  the 
residuum  for  a  long  time  by  a  gentle  fire,  in  a  covered  platinum 
crucible,  and  finally  evposinj?  it  to  a  red  licat ;  it  then  forms  a 
nitrous  mass^  which  deliquesces  in  the  air,  and  is  thus  convci'ted 
into  a  syrupy  liquid^  If  the  ignited  phosphoric  acid  be  suffered 
to  cool|  and  water  be  then  poured  upon  it,  it  dissolves  therein 
with  a  crackling  noise  which  lasts  some  considerable  time.  . 
When  it  has  not  been  heated  long  enouorh  in  tlio  covered  pla- 
tinum crucible,  it  forms,  after  cooling;,  a  soft,  \iscid  mass.  When 
the  phosphoric  acid,  which  has  a  syrupy  consistence,  is  heated  in 
an  open  platinum  crudble,  it  rolatilises,  produdng  thick  white 
fumes,  and  if  perfectly  pure  no  residuum  is  left.  The  less  pure 
phosphoric  acid  is,  the  less  it  is  volatilised  by  heat,  aud  the  less 
also  does  it  dehquesce  in  the  air  after  cooling.  Wherefore,  when 
a  phosphoric  acid  which  is  exposed  to  a  red  heat  in  open  pla- 
tinum vessels  does  not  smoke  at  all,  and  produces,  after  a  long 
lapse  of  time,  a  glass  which  is  not  deliquescent,  which  dissolves 
sparingly  or  not  at  all  in  water,  wc  may  conclude  that  it  is 
mixed  with  a  pretty  large  quantity  of  fixed  foreign  matter,  and 
the  glass  in  such  a  case  contains  no  water. 

Phosphoric  add  attacks  so  strongly  vessels  of  porcdain,  and 
still  more  so  those  of  glass,  when  melted  therein,  that  it  is 
thereby  rendered  less  vohitile  and  less  deliquescent,  and  that 
aften^ards  it  is  no  longer  completely  soluble  in  water.  In 
the  pure  state  this  acid  is  very  soluble  in  water,  and  also  in 
alcohol. 

*  Phosphoric  acid  is  detected  in  a  solution  by  the  same 

re-agents  which  indicate  the  presence  of  phosphates. 

Phosphoric  acid  forms  basic  salts,  amongst  which,  in  the 
neutral  state,  those  only  are  soluble  in  water  which  contain  an 

•  Ilydmitc  of  phosphoric  acid  contains  Uirce  atoms  of  water,  PhO^  +  3  110  (called 
liv  Professor  Graham  tribaeic  phosphate  of  water),  and  it  is  changed  l.y  li.  nt  into 
hydrate  of  pyrophoaphoric  acid  (bihasic  phospliaU-  of  water)  if  one  equivalent  of 
wpler  be  expdM,  and  into  metaphosphorie  add  (protoh^drate  of  pho&pliate  of 
water)  if  two  eqnivaleiita  of  watar  be  e]ipdIed.->ED. 
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alkali  combined  with  the  jicid.  The  neutral  combinations  of 
phosphoric  acid  with  the  earths  aud  metallic  oxydes  arc  insoluble 
in  water,  and  dissolye  only  in  an  exoeaa  of  phosphoric  acid,  or 
of  another  free  acid.  Several  add  phosphates  however,  espe- 
ciaUy  those  of  potash  or  of  soda,  after  ignition,  are  insoluble  in 
must  acids,  and  dissolve  in  water  only  after  boiling  with  con-  * 
centrated  sulphuric  acid,  provided  always  that  they  do  not 
contain  a  base  ciq^able  of  forming  with  this  acid  a  combination 
insoluble  in  water  and  in  free  adds. 

The  neutral  solutions  of  all  the  earths  and  metallic  oxydes 
determine  a  precipitates  in  the  neutral  solutions  of  phosphates 
of  alkalies.  These  precipitates  arc  soluble  in  the  tree  acids,  and 
re-i^pear  in  the  state  of  phosphates  by  satmrating  the  add  with 
an  alkali.  Yet  an  excess  of  alkali,  especially  of  potash,  often 
deprives  the  salt  of  a  portion  of  its  phosphoric  add,  and  it  is 
not  possible  by  this  means  to  deprive  the  precipitate  of  all  its 
j)hosj)horic  acid.  When  the  base  of  the  precipitated  phosphate 
is  soluble  in  an  excess  of  alkali,  the  phosphate  is  likewise  soluble. 
In  this  respect  phosphoric  add  has  the  greatest  analogy  with 
other  adds,  forming  with  alkalies  salts  which  are  soluble  in 
water,  aud  with  the  earths  and  metallic  oxydes,  salts  which  are 
insoluble  in  water.  *  Yet  when  ammonia  is  employed  to  prc- 
dpitate  a  phosphate  from  its  add  solution,  this  salt  is  completely 
predpitated,  though  in  some  cases  it  is  completely  dissolved  by 
an  excess  of  ammonia,  even  though  the  base  may  be  insoluble  in 
this  alkali,  when  unconibined  with  phosphoric  acid.  This  is 
especially  the  case  when  the  base  of  the  phosphate  is  very  weak, 
for  example,  peroxyde  of  iron  (page  89). 

The  solutions  of  neutral  phosphates  of  alkahes,  therefore,  pro* 
duoe  precipitates  not  only  with  solutions  of  chloride  or  barium, 
OF  CALCIUM,  and  of  other  soluble  earthy  salts,  but  likewise  with 
LIME  and  BARYTA  WATER.  Thcsc  prccipitatcs  arc  soluble  in 
muriatic  and  in  nitric  acids ;  but  the  solutions  of  salts  of  ammo- 
nia, especially  that  of  muriate  of  ammonia,  dissolve  them  also, 
particularly  that  of  phosphate  of  lime^  A  considerable  quantity. 


'  Phosphate  of  Im'^ta  is  difficultly  soluble  iu  bolutiou  of  sal  ammouiac. — Ed. 
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however,  of  the  salts  of  ammonia  is  neccssaiy  to  render  the 
solution  complete,  and  besides,  almost  the  whole  of  the  phos- 
phate 18  repredpitated  firom  sueh  a  solution  by  free  ammmiia. 
Phoapliate  of  lime  and  phoaphate  of  baryta  are  likewise  xepre- 
cipitated  from  flueh  a  solution  by  ammonia. 

*  The  solution  of  a  salt  of  magnesia  produces  also  u  preci- 
pitation in  that  of  a  neutral  phosphate  of  alkali,  particularly  by 
boiling  the  whole  (page  40).  By  adding  ammonia^  or  a  solution 
of  carbonate  of  ™tnftm^^  an  insoluble  basic  ammonio-niagne* 
sian  phosphate  is  precipitated,  which  is  insoluble  in  solutions 
ammoniacal  salts  '  ;  wherefore,  in  certain  cases,  especially  when 
the  solution  contains  sulphuric  acid  at  the  same  time,  a  solution 
of  a  magnesian  salt  is  preferable  to  that  of  salts  of  lime  or  of 
baryta,  to  detect  phosphoric  add 

The  white  precipitate  which  a  solution  of  acbtatb  or  of 
NITRATE  OF  LEAD  produccs  in  the  solution  of  phosphate  of  alkali, 
is  almost  insoluble  in  free  acetic  acid,  but  it  dissolves  in  nitric 
add.  When  this  predpitate  of  phosphate  of  lead  is  dried  and 
then  fused  upon  diarcoal  in  the  exterior  flame  of  the  blow-inpe« 
the  fused  bead  distinctly  cr3rBta]lises  on  cooling. 

A  solution  of  MTHATE  OF  SILVER  produccs  a  yellow  precipi- 
tate in  those  of  neutral  phosphates  of  alkalies.  Of  all  the 
predpitates  which  phosphoric  acid  determines^  this  is  the  most 
characteristic;  for  all  the  adds  which  have  much  analogy  with 
phosphoric  add,  form,  with  the  exception  of  arsenious  add,  pre- 
cipitates of  a  ditFereut  colour  with  oxyde  of  silver Even  when 

'  Tliis  precij)ititc  ia  readily  >*olublc  in  ucids,  oven  acetic  acid. — Ed. 

^  Free  ammonia  or  its  carbonate  in  gcneralljr  added,  because  the  test  is  thus 
rendered  much  more  delicate  in  effect ;  in  order  to  obtein  a  prccipiteto  in  solution  of 
phosphatee  by  the  magnesian  salphate  or  chloride,  the  solntum  of  the  neutral  phoa- 
phate most  be  somewhat  concentrated,  whibit,  if  free  amwonia  be  added,  as  just 
said,  and  the  mixture  be  stirred,  a  precipitate  of  ammonio-magnenan  phosphata  is 
thrown  down  in  even  very  dilute  solutions.  This  precipitate  requires  dten  some 
time  and  a<»itation  to  dctf^iTtiiiio  its  ftroduction  and  separation. — Ed. 

^  Mr.  raraoU  observes,  that  tliu  solution  of  nitrate?  of  silver  likewise  produces  a 
yellow  precipitate  in  solutions  of  alkaline  silicates,  wliich  precipitate  resembles 
pliosphate  of  silver,  not  msNly  in  edour,  but  Ulteinse  in  sohabilitjr  in  adds  and  in 
ammotiin.  Befoce  ^plying  nitiate  of  mXrer,  therefor^  as  tiie  test  for  phMplmrie 
addy  the  absence  of  sdide  add  should  be  ascertained  in  the  nsoal  waj« — En. 
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the  solutions  of  the  phosphate  and  of  the  nitrate  of  silver 

employed  arc  neutral,  the  supernatant  liquid  above  the  yellow 
precipitate  reddens  litmus  paper,  because  the  precipitate  is  a 
basic  salt.  The  yellow  precipitate  of  phosphate  of  silver  is 
soluble  in  nitric  add  and  in  ammonia,  but  it  is  not  insoluble  in 
a  liquor  which  contains  nitrate  of  ammonia^  wherefore  no  pre- 
cipitate can  be  produced  in  the  solution  of  a  very  small  quantity 
of  pure  phosphate  of  silver  by  a  large  quantity  of  nitric 
Bad,  when  ammonia  is  cautiously  added  to  the  liquor  so  as  to 
saturate  it. 

*  A  proof  that  the  yeDow  predpitate  of  phosphate  of  silver  is 
not  dissolved  by  small  quantities  of  nitric  acid,  is,  that  it  can 
subsist,  as  we  have  just  said,  iu  a  solution  which  contains  a 
little  free  nitric  add.  But  it  is  produced  when  a  solution  of 
nitrate  of  silver  is  poured  in  a  solution  of  pure  phosphoric  add. 
A  white  predpitate  is  likewise  manifested  when  the  solution 
of  phosphoric  add  recently  ignited^  is  mixed  with  nitrate 
of  silver. 

*  It  should  be  observed^  however,  that  a  white  predpitate  of 
neutral  phosphate  of  silver  appears,  when  a  solution  of  nitrate  of 
silver  is  poured  in  a  solution  oi  phosphate  of  soda  which  has 

preWously  been  strongly  ignited.  This  same  white  precipitate 
of  neutral  phosphate  of  silver  is  produced  also  when  a  recently 
prepared  solution  of  ignited  phosphoric  add,  espedallj  after 
saturation  with  an  alkali,  is  poured  in  a  sdution  of  nitrate  of 
diver.  The  solution  of  ignited  phosphate  of  soda  does  not  lose 
tlic  property  of  giving  a  wliitc  precipitate  with  solution  of  nitrate 
of  silver,  however  long  it  may  be  kept;  but  the  solution  of 
ignited  phosphoric  add  produces  this  reaction  only  when  recent. 
The  longer  it  is  kept,  the  larger  also  is  the  quantity  of  yellow 
phosphate  of  nlver  predpitated  by  the  solution  of  nitrate  of 
8il\  Li  .  If,  therefore,  a  rLci  nlly  prepared  solution  of  ignited 
phosphoric  acid  be  left  at  rest  for  a  long  time,  it  Anelds  a  mixture 
of  white  and  of  yellow  predpitate  when  treated  by  solution  of 
nitrate  of  silver. 

Phosphoric  add,  the  phosphates,  and  add  phosphates  soluble 
in  water,  are  not  precipitated  nor  converted  into  the  inferior 
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degrees  of  oxydiscmcut  of  phosphorus  by  sulphiu'ctted  hydrogen, 
sulphurous  acid,  or  other  rc-ageats. 

It  sometimes  occurs  that  the  presence  of  phosphoric  arid  in 
the  phosphates,  which  are  insoluble  in  water,  is  overlooked, 
especially  when  the  combinations  which  eolitain  such  phosphates 
nre  very  couipU  \,  and  wlicn,  besides  phosphoric  acid,  other 
acids  arc  simultaneously  present,  which  behave  like  phosphoric 
acid  towards  re-agents.  In  such  cases  extreme  attention  is 
required,  otherwise  even  large  proportions  of  phosphoric  add 
may  actually  evade  detection. 

If  phosphoric  acid  is  combined  with  baryta,  strontia,  lime,  or 
magnesia,  its  presence  may  be  recognised,  because,  after  dissolv- 
ing the  compounds  in  muriatic  acid,  phosphoric  acid  is  repreci- 
pitated  under  the  form  of  a  white  precipitate  by  supersaturating 
the  acid  solution  with  ammonia.  It  is,  of  course,  necessary  to 
have  ascertained  previously  by  other  experiments  that  the  solu- 
tion contains  no  arsenic  acid,  no  boracic  aeid,  uor  a  metallic 
fluoride,  nor  certain  or^^anic  acids.  In  effect,  barjta,  strontia^ 
and  lime  are  precipitated  by  ammonia  from  their  solutions  only 
when  combined  with  phosphoric  acid,  boracic  add,  arsenic  add, 
or  certain  organic  adds,  or  when  they  are  in  the  state  of  metallic 
fluorides.  And  magnesia,  which  cannot  be  precipitated  from  its 
solutions  by  ammonia,  when  there  is  a  suiiicieut  quantity  of 
sal  ammoniac,  or  of  other  salts  of  •mmonia,  is  nevertheless 
predpitated  by  that  alkali,  when  combined  with  phosphoric 
add. 

*  The  existence  of  phosphoric  Jicid  in  these  combinations, 
when  the  adds  which  have  been  just  mentioned  arc  known  to 
be  absent,  is  more  securely  detected  by  dissolving  the  com- 
pounds in  the  least  posdble  quantity  of  nitric  add,  adding  to 
the  solution  some  solution  of  nitrate  of  silver,  and  pouring  into 
the  whole  the  quantity  of  ammonia  exactly  necessary  to  saturate 
the  free  nitric  acid.  The  yellow  precipitate  of  phosphate  of 
silver  is  thus  determined.  It  is,  however,  necessary  that  the 
nitric  add  solution  of  the  compound  be  as  concentrated  as 
possible,  and  so  take  care  not  to  put  any  excess  of  ammonia  at 
the  time  of  saturating  it,  otherwise  the  combination  of  the 


Digitized  by  Google 


PHOSPHORIC  ACID. 


265 


phosphate  would  be  precipitated,  and  the  oxyde  of  silver  dis- 
solved. But  even  when  the  earthy  phosphate  has  heen  preci- 
pitated hy  a  large  excess  of  ammonia,  the  precipitate  still 
remains  yellow  for  a  long  time  in  the  cold^  and  the  ammonia  in 

siich  circumstances  dissolves  the  phosphate  of  silver  but  slowly ; 
if,  ou  tlie  contrary,  heat  be  applied,  the  precipitate  at  once 
becomes  ^  lilte^  aud<K>n8ists  altogether  of  earthy  phosphate.  If 
the  analyst  is  in  possession  of  only  such  a  small  portion  of  the 
precipitate  of  earthy  phosphate^  as  to  be  doubtful  whether  he 
will  succeed  in  obtaining  the  yellow  precipitate  of  phosphate  of 
silver  from  the  nitric  acid  solution  of  the  earthy  phosphate,  it  is 
at  least  necessacy  to  test  it  with  the  blow-pipe  in  the  manner 
described  below. 

*  When  mtrate  of  stiver  is  employed  for  the  purpose  of 
detecting  phosphoric  acid  in  solutions  which  contain  muriatic 
acid,  it  may  be  doue  w  ithout  difficulty.  If  the  liquor  is  neutral, 
it  is  to  be  rendered  acid  by  adding  thereto  some  nitric  acid,  and 
then  an  eioess  of  the  solution  of  nitrate  of  silver  is  to  be  added ; 
the  chloride  of  silver  thus  produced  is  to  be  separated  by  filter- 
ing, and  ammonia  is  to  he  added  until  near  saturation,  when 
the  yellow  precipitate  of  phosphate  of  silver  will  appear. 

The  presence  of  phosphoric  acid  is  much  more  difficult  to 
detect  when  combined  with  alumina.  Phosphate  of  alumina 
behaves  towards  most  re-agents  like  pure  alumina;  the  acid 
solution  is  also  precipitated  hy  ammonia;  and  the  precipitate  of 
phosphate  of  alumina  is  soluble  in  an  excess  of  solution  of  pure 
potash,  and  in  a  free  acid  exactly  like  pure  alumina.  In  order 
to  detect  the  presence  of  phosphoric  acid  in  phosphate  of 
alumina,  the  latter  is  first  to  be  dissolved  in  muriatic  add; 
a  solution  of  pure  potash  is  next  to  be  added  in  sufficient 
quantity  to  rcdissohe  completely  the  phosj)hatc  of  alumina 
first  precipitated,  and  then  a  solution  of  silicic  acid  m  potash 
{UgwnrMcum)  is  to  be  Bdded\.  Alumina  is  thereby  precipitated 

'  Tlio  fiqi'or  filirum  is  iMsilicate  of  pot&sh,  obt.iintHl  by  fusing  tofjcthfr  1  part  of 
Hiiica  and  '2-'i  uf  carbonate  of  potaali;  the  carbonic  acid  is  expelled,  and  a  ri'Hiduam 
of  bisilicate  of  potash  is  left  which  is  soluble  in  water.  This  solution  may  also  be 
obtained  by  digesting  gelatinous  hydrate  of  silicft  in  solution  of  potadi* — ^Eo. 
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either  immediately,  or  after  a  short  time,  under  the  form  of  an 
iusolublc  gelatinous  mass,  wliicli  is  a  combination  of  alumina 
with  silica  and  potash.  Into  the  liquor  filtered  therefrom  a 
solution  of  chloride  of  calcium  is  now  to  be  poured,  which,  if 
phosphoric  add  be  present,  determines  a  precipitate  of  phos- 
phate of  lime.  But  it  is  better,  especially  if  there  is  reason  to 
fear  that  the  potash  employed  contains  a  little  carbonic  acid,  to 
put  a  very  slight  excess  of  muriatic  acid  iu  the  alkaline  liquor, 
to  saturate  the  acid  by  a  little  ammonia^  and  then  to  add 
chloride  of  calcium. 

4>  Phosphate  of  alumina  may  also  be  dissolved  in  nitric  add, 
and  the  alumina  precipitated,  as  has  been  said,  by  silicate  of 
potash.  The  liquor  is  then  to  be  filtered,  ucutraliscd  with 
nitric  add,  and  by  means  of  a  solution  of  acetate  of  lead  the 
phosphoric  add  may  be  predpitated  in  the  state  of  phosphate 
of  lead,  which  may  be  easily  recognised  as  such  by  means  of  the 
blow-pipe. 

*  But  the  best  and  quickest  method  of  detecting  phosphoric 
add  in  phosphate  of  alumina  consists  in  dissolving  the  latter 
compound  in  the  smallest  posdble  quantity  of  nitric  add,  to 
pour  a  solution  of  nitrate  of  silver  in  the  liquor,  and  then  to  add 
exactly  enough  ammonia  to  saturate  the  free  acid,  when  the 
yellow  precipitate  of  phosphate  of  silver  will  appear. 

When  phosphoric  add  is  combined  with  metallic  oxydes, 
which  are  predpitable  by  hydrosulphuret  of  ammonia  j&om 
solutions  saturated  or  supersaturated  with  ammonia,  but  which 
are  not  precipi table  from  an  acid  solution  by  sulphuretted 
hydrogeu  iu  the  state  of  metallic  sulphurcts;  that  is  to  say, 
therefore,  when  phosphoric  add  is  combined  with  the  ozydes  of 
manganese,  of  iron,  of  cobalt,  of  sine,  of  nidLd,  of  uranium,  the 
add  of  the  solution  is  to  be  su])ersatnrated  with  ammonia,  and 
then  these  oxydes  may  be  precipitated  from  their  acid  sohitions 
thus  supersaturated,  by  means  of  hydrosulphuret  of  ammonia. 
The  liquor  is  then  to  be  tiltered  in  order  to  s^arate  the  metallic 
Bulphuret  thus  produced;  muriatic  add  is  to  be  added  to  the 
filtered  liquid,  so  as  to  render  it  slightly  add,  and  the  whole  is 
left  to  digest  in  a  ^sarm  place,  until  the  odoui-  of  sulphui'etted 
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hydrogen  has  vanished.  The  sulphur  liberated  by  tljo  dceom- 
position  of  the  excess  of  hydrosulphuret  of  ammonia  pre\'iously 
poured  in  is  to  be  separated  by  filtration,  and  tbe  dear  liquid  is 
then  to  be  saturated  with  ammonia :  it  is,  liowever,  better  to 
add  to  the  filtered  liquid  some  carbonate  of  potash,  but  in  such 
small  quantity  as  to  leave  it  slij^litly  acid,  so  as  sensibly  to 
redden  blue  litmus  paper;  after  this,  th9  liquor  may  he  for 
a  long  time  in  a  wann  place,  so  that  the  carbonic  add  may  be 
disengaged  as  completely  as  possible;  ammonia  is  then  poured 
in  sufficient  quantity  to  render  reddened  litmus  paper  slightly 
blue ;  this  done,  a  solution  of  chloride  of  barium,  or  better  still 
a  solution  of  chloride  of  calcium,  is  to  be  added  to  the  liquor, 
by  which  a  precipitate  of  phosphate  of  baryta,  or  of  lime,  is 
produced,  if  the  liquor  contained  phosphoric  add;  but,  of 
course,  the  absence  of  ar.sciiic  and  boracie  acid,  and  of  all  trace 
of  metalhc  fluoride,  and  of  organic  acids,  must  be  positively 
ascertained  beforehand.  Carbonate  of  potash  is  preferable  to 
ammonia  for  the  purpose  of  saturating  the  liquor,  because,  as 
we  have  said  above,  the  phosphates  of  lime  and  of  baryta 
are  slightly  soluble  in  liquids  which  contain  muriate  of 
ammonia  or  other  ammoniacal  salts,  wherefore  it  sometimes 
hiq^pens  that  chloride  of  barium  or  of  caldum  produce  no 
predpitate  in  a  liquor  saturated  with  ammonia,  when  the 
phosphate  under  exaimnation  is  in  very  small  quantity. 

*  But  the  presence  of  phosphoric  acid  may  be  still  more 
safely  detected  by  using  a  solution  of  sulphate  of  magnesia. 
After  having  separated  the  liquor  from  the  metallic  sulphuret 
and  firom  the  excess  of  hydrosulphuret  of  ammonia,  it  is  to  be 
supersaturated  with  ammonia,  and  then  a  solution  of  sulphate  of 
magnesia  is  to  be  poured  into  it,  to  which  enough  free  luinnonia 
or  muriate  of  ammonia  is  added,  completely  to  dissolve  the 
predpitate  of  hydrate  of  magneda  produced.  A  predpitate  of 
ammonio-magnesian  subphosphate  is  formed,  whidi  is  insoluble 
in  solutions  of  ammoniacal  salts.  The  use  of  sulphate  of  mag« 
nesia  presents  this  great  advantage,  that  the  liquor  may  contain 
considerable  quantities  of  muriate  of  ammonia  and  of  sulphuric 
add,  without  any  objectionable  influence  bdng  exeidsed  by  these 
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substances  upou  the  prccipitutiou  of  the  ammouio-ma^esian 
phosphate. 

*  If,  however,  we  wish  to  detect  the  presence  of  phosphoric 
acid  in  the  compound  above  mentioned,  by  means  of  nitrate  of 

silver,  it  is  neccsMu  v  to  dissolve  tlic  compound  in  nitric  acid,  to 
BUpersat unite  the  solution  with  auimonia,  to  precipitate  the 
oxyde  in  the  state  of  a  metaUic  sulphuret  by  means  of  hydro- 
sulphuret  of  ammonia,  to  filter  the  liquid,  and  to  destroy  therein 
by  means  of  nitric  acid  the  excess  of  the  re-agent  which  has  been 
employed  to  precipitate  the  oxyde  iu  the  state  of  luctallic  sul- 
pliuret.  The  lirpior  ha>4ng  been  heated  long  enough,  that  is,  until 
all  smell  of  sulphuretted  hydrogen  has  disappeared,  solution  of 
nitrate  of  silver  is  added,  and  likewise  a  quantity  of  ammonia 
precisely  sufficient  to  saturate  the  free  acid,  and  the  yellow  phos- 
j)hate  of  silver  is  thus  thrown  down.  If  too  much  nitrate  of 
ammonia  has  been  formed  in  the  liquor,  and  if  at  the  same  time 
the  quantity  of  phosphate  existing  therein  is  very  small,  it  often 
occurs  that  no  precipitate  of  phosphate  of  silver  is  obtained ; 
and  besides,  if  the  least  trace  of  sulphuretted  hydrogen  has  not 
been  expelled  from  the  liquor,  some  oxyde  of  silver  may  be 
precipitated  in  the  state  of  black  sulphuret  of  silver,  a  ^  cry 
minute  quantity  of  which  suffices  considerably  to  alter  the 
colour  of  the  phosphate  of  silver. 

When  phosphoric  acid  is  combined  with  a  metallic  oxyde 
wliieh  sulphuretted  hydrogen  is  capable  of  precipitating  from 
acid  solutions  in  the  state  of  metallic  sulphuret,  this  re-ageat 
may  be  employed  to  effect  the  precipitation ;  the  liquid  is  then 
separated  from  the  sulphuret  thus  produced  by  filtering,  the 
clear  liquid  is  heated  to  expel  the  sulphuretted  hydrogen  which 
it  might  hold  in  solution,  and  it  is  then  submitted  to  the  tests 
above  described  for  the  purpose  of  detecting  the  presence  of 
phosphoric  acid  therein. 

If  the  phosphoric  add  is  combined  with  a  metallic  oxyde 
which  can  neither  be  precipitated  in  the  state  of  metallic 
sulphuret  from  its  acid  solutions  by  sulphuretted  hydrogen,  nor 
from  its  solutions  saturated  with  ammonia  by  hydrosulphuret  of 
ammonia,  but  which  is  insoluble  in  a  solution  of  potash,  the 
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greatest  part  of  the  phosphoric  acid  may  yet  be  separated  from 
such  an  oxyde  by  dissohdng  the  phosphate  iu  the  least  possible 
qnantity  of  add,  and  boiling  the  solution  with  an  excess  of 
a  SQlution  of  potash.  By  this  process  the  oxyde  is  ordinarily 
precipitated  with  its  characteristic  colour^  though  in  combina- 
tion with  a  small  quantity  of  phosphoric  acid,  the  greatest  part 
of  which  acid  is,  however,  combined  with  potash  in  the  solution 
filtered  from  the  precipitated  oxyde ;  and  the  phosphoric  add 
may  then  be  detected  in  this  filtered  solution  by  the  re-agents 
which  have  been  indicated.  The  adds  which  behave  towards 
rc-agents  in  the  same  manner  as  phosphoric  acid  are  likewise 
sieparatcd  by  this  method  from  the  base  with  which  they  were 
combined'.  By  this  process  the  presence  of  phosphoric  add 
may  be  detected  when  combined  with  oxyde  of  chromium  and 
protoxyde  of  cerium ;  and  it  is  often  a  more  speedy  way  than 
those  wliich  have  already  been  exposed,  of  (Ictcctiug  phosphoric 
acid  when  combined  with  magnesia,  protoxyde  of  manganese, 
the  oxydes  of  iron,  oxyde  of  nickel,  and  other  bases. 

*  When  a  phosphate  is  combined  with  a  sulphate,  a  circnm- 
atance  of  frequent  occurrence,  and  when  the  bases  of  the  salts 
arc  alkalies,  so  that  the  latter  arc  soluble  in  water,  the  presence 
of  the  phosphoric  acid  may  be  detected  by  means  of  suli)hate  of 
magnesia;  following  the  rules  which  have  been  set  forth  above, 
a  predpitate  of  ammonio-magnesian  phosphate  is  thus  obtained. 

In  order  to  detect  phosphoric  add  in  excessively  minute 
quantities  of  pLospliatcs,  proceed  as  follo\\  s,  according  to  Thenard 
and  VauqueUn.  A  small  portion  of  potiissium  or  of  sodium  is 
to  be  introduced  at  the  bottom  of  a  glass  tube  closed  at  one 
end,  and  upon  the  potassium  or  sodium  a  small  quantity  of  the 
substance  which  is  undergoing  examination  for  phosphoric  add 
is  placed.  Provided  the  substance  is  quite  dry,  one  milli- 
gramme ('0154  grain)  is  sufficient  for  the  purpose.  The  whole 
is  then  cautiously  heated  to  redness,  a  temperature  at  which  the 
potassium  or  the  sodium  reduces  the  phosphoric  add,  and  con- 
verts it  into  phosphuret  of  potassium  or  of  sodium ;  the  excess  of 

*  It  is  thcrcforu  ucet's^ary  tliAt  the  anal^rst  Bhould  first  coa>incc  himself  of  the 
iibsence  of  these  acidU. — Ed. 
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potassium  or  of  sodium  is  removed  by  means  of  a  little  mercury 
introduced  in  the  tube  and  poured  out  agaiu,  and  then  by  blowing 
cantkmsly  with  a  small  glass  tube  upon  the  maas  at  the  bottom, 
80  as  to  moisten  it  with  tiie  breath,  it  eihales  a  strong  odour  of 
phosphuretted  hydrogen,  which  is  quite  characteristic*. 

Before  the  blow-pipe  the  presence  of  phosplioric  acid  in  the 
solid  phosphates  may  be  detected,  according  to  Berzelius,  iu  the 
following  manner.  A  small  portion  of  the  substance  under 
examination  is  fused  upon  chaiooal  with  borade  acid,  and  whm 
the  swelling  of  the  mass  has  ceased,  a  small  piece  of  fine  steel 
wire  is  forced  through  the  ])cad  so  as  to  project  on  each  side 
of  the  bead,  and  then  the  whole  must  be  strongly  heated  in 
the  interior  flame.  After  coolings  the  globule  is  removed  from 
upon  the  charooal^  and,  wrapping  it  in  a  piece  of  pi^er,  it  is 
deposited  upon  an  anvil,  and  then  gently  struck  with  a  hammer ; 
by  this  means  the  separation  of  the  pliosphiirct  of  iron  produced 
is  effected  under  the  form  of  a  round  metallic  grain,  which  is 
magnetic,  brittle,  and  which  flies  to  pieces  when  struck  with  a 
hard  blow.  This  process,  however,  is  insufficient  to  detect  small 
quantities  of  phosphoric  acid  in  the  substance  under  examina- 
tion. It  is  also  necessary  that  tlie  said  substance  should 
contain  no  sulphuric  nor  arsenic  acid,  nor  any  metallic  oxyde 
capable  of  being  reduced  by  iron,  because  in  such  a  case  a  bead 
equally  brittle,  fusible,  and  in  many  respects  similar  to  phos- 
phuret  of  iron,  is  obtained.  If,  however,  the  substance  has 
remained  for  a  long  time  in  fusion  with  the  boracic  acid,  this  acid 
will  have  displaced  the  sulphuric  as  well  as  the  arsenic  and 
arsenions  adds.  This  method  requires  besides  that  the  analyst 
should  be  expert  in  the  management  q(  the  blow*pipe. 

>  If  a  tolntkML  eontsim  phoBphone  add,  or  a  phoiphato  either  of  alkali  or  of 

metallic  oxyde,  it  may  be  detected  as  follows  :— IlydrochUaio  add  ia  to  be  added 
until  tlic  solution  under  examination  mldenA  blue  litmus  paper,  and  to  thi«?  noiditiod 
solution  a  few  drops  of  perchloride  of  iron  are  to  lie  addo«i  first,  nnd  ;ift(  r^artls  a 
ijolution  of  ammonia,  or,  hotter  still,  of  acctato  of  potjw^h  in  excess,  which  dcteiTnines 
a  white  pasty  precipitate  of  perpliospbate  of  iron,  which,  however,  lias  a  reddish 
odieav  ivfaM  m  omom  of  perddorido  of  inn  Iim  bean  employed ;  in  wUoh  eaw,  if 
•olnlioii  of  ammonia  Ihm  bMB  added,  aoetio  aoid  la  pound  in  to  disMlva  llio 
oncomlnned  peroxyde  of  iron,  whibt  iha  perphoaphato  of  iron  may  be  odleeted  on 
a  illtar.^BD. 
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When  a  solid  pliospliate  is  moistened  with  sulphuric  acid,  and 
lield  between  the  platinum  points  of  a  forceps  in  the  inner  flame 
of  the  blow-pipe^  the  exterior  flame  acquires  a  greenish  colour. 
This  melhod  of  detecting  phosphoric  acid  before  the  blow-pipe 
has  been  indicated  by  Fuchs.  It  gives  a  good  result  only  in  a 
small  number  of  cases,  and  it  must  be  remarked  that  borates 
produce  similar  phenomena. 

The  phosphates  are  not  volatilisable  by  heat  when  the  base 
combined  with  the  phosphoric  acid  is  of  a  fixed  nature  ^  Most 
of  them  are  fusible  at  a  high  temperature.  This  is  principally 
the  case  with  tlic  acid  phospliates,  which,  after  fusion,  become 
insoluble  in  most  acids.  A  great  number  of  these  salts  arc 
decomposed  by  charcoal  at  a  red  heat;  in  certain  instances  a 
metallic  phosphuret  is  formedi  and  in  other  instances,  especially 
when  the  [)hosphoric  add  is  in  excess,  phosphorus  sublimes. 

From  what  has  been  said  touchiufr  the  behaviour  of  phosphoric 
acid  towards  re-agents,  it  is  seen  thnt  the  detection  of  this  add 
is  often  attended  with  very  great  diihculties.  Phosphoric  add  is 
recognised  in  a  positive  manner,  because  the  absence  of  other 
adds,  whidi  react  like  phosphoric  add,  may  be  dearly  demon- 
strated in  the  compounds  under  exiiinination.  The  property 
which  phosphoric  acid  possesses  of  forming  with  protoxyde  of 
lead  a  combination  which,  after  fusion  before  the  blow-pipe, 
ciystaUises  on  coolings  is  the  only  reaction  which  is  quite 
characteristic,  as  no  other  add  whatever  possesses  it.  The 
liehaviour  of  this  acid  and  of  the  phosphates  towards  potassium 
is  also  a  reaction  which  is  quite  characteristic.  By  these  tests 
alone,  therefore,  can  the  compounds  of  phosphoric  add  be 
detected  from  all  other  combinations. 

As  to  the  behaviour  of  phosphoric  acid  with  orffanic  substances, 
it  is  especially  important  to  bear  in  mind  the  plienonieiia  which 
it  produces  with  a  solution  of  albumen.  A  recently  prepared 
solution  of  fused  phosphoric  add  leaves  a  predpitate  in  even  a 
veij  dilute  solution  of  albumen.   The  older  the  add  liquor  is, 

■  Hie  fixed  ptaiieplntes  ere  not  deoompoeed  bj  beet,  but  tbey  «re  thereby  con- 
Torted  into  pyrophoephate  (UbMie  pboepbnto  of  wster),  PhO.+S  HO,  m  into 
netiipb«Mphalea  (VhO^  +  HO.)— Eii. 
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the  less  does  it  possess  this  property  of  prccipitatiug  albumen  from 
its  solutiou ;  and  it  not  only  loses  it  altogether  ultimately,  but  it 
acquires  the  power  of  re-dissolviDg  coagulated  albumen  with  the 
help  of  heat. 

2*.  PHOSPHOROUS  ACU),  PO.. 
(Acide  Photfkoreux,) 

*  Phosphorous  acid  may  be  obtained  in  the  aqueous  state,  and 
as  concentrated  as  possible,  by  decomposing  the  liquid  proto- 
chloride  of  phosphorus  by  means  of  water,  and  cautiously 
eyaporatuig  the  liquor.  It  then  fonnii  a  thick  sjrrapy  liquid, 
which  MHnetime^  but  not  always,  may  be  obtained  in  oystal.. 
It  is  very  soluble,  and  in  all  proportions,  in  water;  but  the 
solution  slowly  absorbs  oxygen,  and  is  partially  converted  into 
phosphoric  acid. 

*  When  aqueous  phosphorous  add  as  concentrated  as  possible 
is  heated  oyer  a  small  spirit  lamp  in  a  small  platinum  spoon,  or 
any  otlier  vessel,  pliosphurctted  hydrugt  ii  is  disengaged,  which, 
owing  to  the  action  of  the  lu  nt,  bums  with  a  greenish  flame, 
and  emits  whitish  fumes.  If  the  add  be  heated  in  a  small 
retort,  the  phosphuretted  hydrogen  disengaged  does  not  spon- 
taneously ignite  on  coming  in  contact  with  the  air ;  it  has  a  very 
disagrccjdde  smell,  and  wlicn  it  is  set  fire  to  it  bvmis  witli  :i  vivid 
hght,  and  eujits  white  fumes  at  the  same  time.  When  the  gas 
is  passed  through  a  solution  of  nitrate  of  silver,  the  smallest 
portion  suffices  to  produce  therem  a  brownish  turbidness,  and 
then  a  blackish-brown  precipitate,  which  is  metallic  silver.  The 
liquor  afterwards  contains  phosphoric  acid.  Whenever  liquid 
phosphorous  acid  is  heated,  either  iu  a  platinum  spoon  or  in  a 
retort,  phosphoric  add  remains.  Phosphorous  add  forms  with 
the  bases  salts,  amongst  which  those  only  are  very  soluble  which 
are  produced  by  combination  with  alkalies.  The  earthy  and 
metallic  phosphites  are  not  all  insoluble  in  this  menstruum,  but 
most  of  them  dissolve  only  with  great  difficulty ;  but  all  the 
phosphites  are  soluble  in  free  adds.  By  mixing  the  solution  of 
an  alkaline  phosphite  with  a  neutral  solution  of  most  earthy 
and  metallic  salts,  precipitates  are  produced ;  yet  these  precipi- 
tates are  ordinarily  inconsiderable  in  the  cold;  but  when  the 
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mixture  is  lieated,  tlic  grt  atrst  part,  and  sometimes  the  whole  of 
the  phosphorous  acid,  is  precipitated.  Very  often  the  solutions 
of  eartihy  and  of  metallic  lalts  produoe  no  precipitate  in  solutions 
of  alkaline  phosphites,  when  these  solutions  are  too  dilute ;  yet 
even  in  these  a  precipitate,  which  often  is  very  large,  may  be 
determined  by  long  standing,  or  by  boiling.  Tliis  peculiarity 
establishes  quite  a  distinct  ditlerence  between  the  phosphites 
and  the  comsponding  phosphates.  - 

*  Of  all  the  earthy  phosphites^  phosphite  of  magnesia  is  the 
most  soluble*;  wherefore  no  precipitate  is  obtained,  even  by 
boiliug,  when  a  solution  of  sulphate  of  magnesia  is  added  to 
that  of  phosphite  of  alkali,  pro\ided  the  latter  be  not  too  con- 
centrated. The  phosphite  of  lead  is  probably  the  most  insoluble 
of  all  the  phosphitea;  wherefore  it  is  always  produced  under 
the  form  of  a  white  precipitate,  when  a  solution  of  acetate  of 
lead  is  poured  in  even  very  dilute  solutions  of  phosphites 

*  The  solutions  of  phosphites  in  acids,  like  that  of  phosphorous 
add  itself,  reduce  several  easily  reducible  metallic  oxydes^  a  pro- 
perty which  offers  a  good  and  characteristic  mode  of  recognising 
this  acid.  They  precipitate  gold  in  a  metallic  state  from  its 
solution.  When  these  solutions  arc  poured  in  one  of  nitrate 
OF  SILVER,  the  silver  is  precipitated  under  the  form  of  a 
blackish-brown  powder.  When  the  solution  of  a  phosphite^  or 
that  of  phoaphoroua  add^  contauis  muriatic  acid»  as  is  the  case 
with  the  aqueous  solution  of  liquid  diloride  of  phosphorus,  it  is 
best  to  add  au  excess  of  ammonia,  and  then  tlic  solution  of 
nitrate  of  silver.  The  liquid  at  first  turns  brown,  and  it  is  only 
after  a  kmg  time  that  the  blackish-brown  precipitate  of  metallic 
silver  settlea.  This  result  is  obtained  more  rapidly  by  boiling, 
during  which  the  precipitate  becomes  black.  A  solution  of 
phosphorous  acid  poured  in  solution  of  protochloride  of 
MBBCuaY  (corrosive  sublimate),  provided  too  large  a  quantity  be 

I  Phoflphite  of  niagnesiu,  Uiough  more  soluble  in  water  thau  tlie  oUier  earthy 
|]|iOH|>lutc4,  u»  very  sparingly  so,  (unee  400  pMTts  of  wfttflT  dteolve  only  one  of  this 
phoKpbiift.— >Ed. 

•B«miliaBobMrv«ibllist|liOiphil«  «f  IcmI  is  tolnlik  in  edid  nitrio  Mid»  and  to 
not  Ambgr  traMiiDmMd  into  phoiplMwie  noid.— So. 
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not  employed^  produces  a  white  precipitate  of  rabchloride  of 

mercury  (calomel),  insoluble  in  muriatic  acid,  and  which  tcag- 
ments  by  long  standing ;  a  larger  proportion  of  phosphorous 
addi  espedaUy  by  boiliug,  converts  this  precipitate  into  metallic 
mercary.  An  excess  of  solution  of  protodiloride  of  mercury  is 
therefore  one  of  the  best  tests  for  the  detection  of  phosphorous 
acid ;  for  other  substances  which  have  a  great  reducing  power 
(for  example,  sulphurous  acid)  do  not  produce  any  ]^recipitate  of 
subchloridc  of  mercury  in  this  solution.  Subchloride  of  mer- 
cuiy  besides  is  a  substance  which  is  easily  recognised  by  its 
insolubility  in  muriatic  acid.  A  solution  of  a  protosalt  of  copper 
is  likewise  reduced  by  phosphorous  acidj  but  to  effect  this  the 
whole  must  be  boiled. 

*  In  the  solid  state,  all  the  phosphites  undergo  decomposition 
by  exposure  to  a  red  heat,  and  are  converted  into  phosphates. 
During  the  operation  most  of  them  disengage  hydrogen  gas, 
because  thdr  water  of  crystallisation  is  decomposed,  the  oiygen 
of  which  transforms  the  phosphorous  into  phosphoric  add. 
Calcining  converts  the  neutral  phosphites  into  neutral  phos- 
phates. The  combinations  of  phosphorous  acid  with  the  fixed 
alkalies,  the  earths,  and  many  metallic  oxydes  belong  to  this 
category.  The  hydrogen  gas  disengaged  contains  yery  minute 
traces  of  phosphorusi  and  tiie  phosphate  which  is  produced 
contains  also  a  small  portion  of  that  substance,  which  imparts 
to  it  a  slightly  reddish  or  brownish  tin^e,  whilst  when  pure  it  is 
white.  This  colouring,  produced  by  calcining  the  phosphate, 
does  not  appear  until  after  cooling.  If  the  salt  be  heated  it 
becomes  cdonrless,  and  if  it  be  dissolyed  in  muriatic  add  a 
minute  trace  of  a  reddish  substance  which  contains  phosphorus 
is  left  as  residuum.  Other  phosphites  which  contain  less  water 
of  crystallisation  are  converted  into  basic  phosphates  by  cal- 
cining, during  which  phosphuretted  hydrogen  gas,  very  poor  in 
phosphorus,  is  disengaged,  which  does  not  spontaneously  ignite 
in  contact  with  the  air,  but  which,  being  set  foe  to,  bums  yiridly, 
and  then  emits  white  fumes.  Such  is  the  case,  for  example, 
with  phosphite  of  lead. 

*  These  experiments  may  he  made  with  even  a  veiy  small 
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quantity  of  phosphites,  by  heating  them  upon  the  spirit  lamp  in 
a  glass  tube  closed  at  one  end,  and  wliicli  has  been  drawn  into 
a  loDg  point  above  the  part  where  the  salt  lies.  Phosphite  of 
ammonia  loaea  its  ammonia  when  heated,  and  is  converted  into 
aqueona  phosphoroiis  acid. 

*  When  a  phosphite,  or  a  concentrated  solution  of  pure  phos- 
phorous acid,  is  mixed  with  a  concentrated  solution  of  pure 
potash;  and  the  whole  is  boiled^  no  hydrogen  is  disengaged,  and 
the  phosphonnu  is  not  converted  into  phosphoric  acid. 

*  Before  the  blow-pipb,  the  phosphites  might  he  distinguished 
fipom  other  combinations  by  the  same  method  indicated  by 
Bcrzelius  for  the  phosphates  (pafje  270).  The  first  impression 
of  the  flame  causes  them  to  burn  something  like  phosphorus. 

*  The  behaviour  of  concentrated  phosphorous  acid  is  so 
characteristic  when  heated,  and  when  it  is  made  to  react  upon 
easQy  reducible  metals,  for  example,  protochloride  of  mercury, 
that  it  cannot  be  confounded  with  any  of  the  acids  hitherto 
treated  of.  The  deportment  of  the  phosjiliites  when  exposed  to 
a  red  heat  in  a  retort  is  likewise  so  remarkable),  that  they  may  be 
thus  easily  distinguished  from  other  salts. 

*  The  combination  of  phoiphorous  and  of  phosphoric  adds, 
which  is  looked  upon  by  many  chemists  as  a  distinct  acid,  and 
which  they  call  hypophosphoric  acid,  is  the  result  of  the  slow 
and  spontaneous  combustion  of  phosphorus  in  a  moist  atmo- 

m 

Sphere  [such  as  by  abandoning  sticks  of  phosphorus  in  a  funnel, 
by  which  means  a  sour  liquid  is  gradually  obtained'].  In  a 
concentrated  state  it  behaves,  when  heated,  like  phosphorous 

acid,  because  effectively  it  contains  some  of  it.    If  this  liquid  be 
treated  by  the  bases,  it  yields  phosphates  and  phosphites. 

*  Phoflphofona  acid  is  easily  detected  in  this  combination,  if 
in  a  vevy  concentrated  state,  not  only  by  heating  it,  but  also,  if 

'  This  BOOT  liquid,  obtained  at  the  beginning  of  the  oi>oration,  eonsists  only  of 
pbnuphorouH  acid,  but  as  it  remains  in  contact  witb  tbo  air  it  Viccomcs  oxy«li.«»e«l, 
mill  is  j>artialiy  conrerted  into  phf>sj)!ioric  nciil,  so  tlint  ultimately  it  is  nothinj»  else 
but  a  mixture  of  the  two  acids,  but  not  in  dchnite  proportions  ;  consequently^  tlie  name 
of  bypoph(isph(«ie  and  of  phosplistie  idd,  bj  wMek  it  is  oocMiondlj  dMigned,  ii 
emMon.  TIm  adiaiMe  bMes,  Mtamtod  witti  tliU  li«|irid, 
phtlM  and  phowphilafc^ED, 
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the  liquid  be  dilute,  by  means  of  solution  of  protochloride  of 
mercury.  As  to  phosphoric  acid,  the  bc^ t  method  to  ascertain  its 
presence  is  to  add  to  the  solution  of  the  compound  a  solution  of 
sulphate  of  magnesiay  of  sal  ammoniac,  and  of  excess  of  ammo- 
nia, and  to  put  such  a  quantity  of  sal  ammoniac  as  to  prevent 
the  precipitation  of  the  niapiesia  by  the  ammonia.  By  this 
method  the  phosphorous  acid  is  not  precipitated,  at  least  when 
its  solution  is  a  dilute  one,  whilst  the  phosphoric  add  is  thrown 
down  in  the  state  of  ammonio-magnesian  phosphate. 

The  following  observation  by  Hons.  E.  Feligot  is  added  in 
the  French  edition  : — 

*  If  phosphorous  acid  be  mixed  with  an  aqueous  solution  of 
sulphurous  acid,  an  abundant  precipitate  of  sulphur  is  imme> 
diately  formed,  and  the  phospliorous  acid  is  thmby  transformed 
into  phosphoric  acid :  this  reaction,  observed  by  W5hler,  oflfera 
an  excellent  means  of  detecting  the  presence  of  phosphorous 
acid  in  phosphoric  acid;  if  the  latter  acid  contains  arsenioua 
acid  at  the  same  time,  the  precipitate  turns  yellow  on  aoooont 
of  the  Bulphuret  of  arsenic  fo(rmed\ 

*  Phosphorous  acid  may  also  be  well  detected  by  MarsVs  appa- 
ratus, becaiusc  pliosphuretted  hydrogen  is  thus  produced,  ^vhich 
is  easily  recognized  by  its  garlick  odour ;  and  if  the  flame  be  de- 
pressed by  a  piece  of  china,  a  luminous  circle  may  be  observed,  as 
when  phosphorus  bums  in  a  confined  atmosphere,  or  in  chlorine. 

y.  HYPOPHOSPHOROnS  ACID,  PhO. 

*  Aqueous  hypophosphorous  acid,  in  as  concentrated  a  state 
as  possible,  resembles  so  mucli  concentrated  phosphorous  acid 
by  its  behaviour  towards  re-ageuts,  that  it  can  hardly  be  dis- 
tinguished from  it.  It  has  never  yet  been  obtained  in  crystals. 
The  solutions  of  gold  and  of  protochloride  of  mereuiy  are  reduced 

'  la  order  to  detaet  the  presence  of  phosfihoroiw  add  in  pbosphoviewnd,  Wohler 
proceeds  as  follows  : — Add  to  the  solution  under  examination  an  aqueous  solution 
of  sulphurous  firifl,  nnd  expose  the  wlmlr  to  a  moderate  hent.  If  pliosphorons  acid 
be  present,  Buipluir  w  ill  he  Hepamt<.'d;  if  arsenious  or  arsenic  acid  be  also  present,  a 
yellow  precipitate  of  sulphurct  of  ara^c  is  formed. — £a>. 
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by  it  still  more  mpidly  than  by  phosphorous  acid,  with  the  same 
phenomena.  When  heated,  ita  behaviour  ia  exactly  similar  to 
that  of  phoq^horouB  add. 

*  HypophoephorouB  add  forms  with  all  the  bases  salts  which 
are  solable  in  water;  wherefore  the  solutions  of  earthy  and  of 
metallic  salts  produce  no  precipitates  in  sohitions  of  hypophos- 
phites,  unless  the  metallic  oxyde  be  thereby  reducible ;  but  this 
reduction  is  much  more  easily  effected  than  with  phosphorous 
add  and  its  salts.  Gold  is  promptly  piedpitated  in  the  metallic 
state  from  its  solutions.  The  neutral  solutions  of  silver  produce 
in  the  solution  of  a  hypopliosphitc  a  precipitate  which  at  first  is 
white,  but  which  very  rapidly  tiu*iis  brown,  and  which,  after  a 
time,  even  in  the  cold,  consists  of  black  metal  lie  silver:  tins 
phenomenon  is  accelerated  by  heat.  A  solution  of  protochloride 
of  mercmy,  to  which  muriatic  add  has  been  added,  gives  a  pre- 
dpitate  of  metallic  mercury,  when  a  large  quantity  of  solution 
of  hypophospliorous  acid,  or  of  a  hypophosphite,  is  added ;  in  the 
contrary  case,  that  is,  if  the  solution  of  protochloride  of  mercury 
(sublimate)  is  in  excess,  subchloride  of  mercury  (calomel)  only 
is  produced,  hut  much  more  abundantly  than  with  an  equal  quan- 
tity of  phosphorous  add,  or  of  phosphite.  This,  therefore,  is  a 
good  way  of  distinguishing  the  presence  of  hypophosphorous  acid 
and  of  hypophosphites.  Protosalts  of  copper  are  reduced  only 
when  the  liquids  are  very  concentrated,  and  heated  for  along  time. 

*  In  the  solid  state,  aU  the  hypc^hosphites  are  decomposed 
by  a  red  heat.  When  calcined  in  a  small  retort,  as  mentioned 
above  (page  274)  respecting  the  pho.sphites,  if  the  neck  of  the 
retort  be  plunged  under  water,  most  of  these  salts  disengage 
phosphuretted  hydrogen,  which  for  the  most  part  inilames  spon- 
taneously on  coming  in  contact  with  the  air,  and  bums  with 
emission  of  white  ftimes,  leaving  at  the  surface  of  the  water  a  yel- 
lowish-brown deposit  of  i)hospliorus.  If  this  gas  be  made  to  pass 
through  a  solution  of  nitrate  of  silver,  the  least  bubble  is  sullicicnt 
to  determine  a  blackish-brown  colouring :  and  a  larger  quantity 
of  gas  produces  a  black  predpitate,  which  becomes  white  by 
standing,  or  by  the  action  of  heat,  and  which  consists  of  pure 
silver ;  the  liquor  then  contains  phosphoric  acitl ;  if  through  a 
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solution  of  perchloride  of  gold,  the  precipitate  consists  of  metal- 
lic gold.  If  the  gas  be  paaaed  through  a  aolation  of  protochlo- 
ride  of  mercury  (sublimate),  a  yellow  precipitate  is  produced. 
When  the  hypophosphites  are  decomposed  by  a  red  heat,  a 
feeble  trace  of  phosphorus  is  sublimed,  and  there  remains  a 
neutral  phosphate,  which  appears  a  little  reddish  or  brownish 
after  cooling,  but  which  has  no  colour  whilst  heated. 

The  neutral  phosphate  thus  produced  is  easily  dissol?ed  by 
muriatic  acid,  leaving  a  very  small  portion  of  an  insoluble  red 
substance,  which  contains  phosphorus.  The  combinations  of 
hypophosphorous  acid  with  the  fixed  alkalies,  the  earths,  and 
most  metallic  oxydes,  are  thus  decomposed  by  a  red  heat.  The 
hypophosphites  of  nickel  and  of  cobalt  are  the  only  compounds 
which,  when  ignited,  disengage  during  decomposition  a  mixture 
of  hydrogen  gas  and  of  plio.sphuretted  hydrogen  gas,  which 
does  not  spontaneously  ignite  on  coming  in  contact  with  the 
air,  and  there  remains  an  acid  metallic  phosphate,  which  is 
insoluble  in  muriatic  add,  because  it  has  been  ignited,  and 
which  becomes  soluble  in  water  only  after  being  bmled  in  con- 
centrated snlphuric  acid. 

*  When  hypophosphorous  acid,  or  a  hypophosphite,  is  boiled 
with  an  excess  of  a  concentrated  solution  of  potash  or  of  soda, 
there  is  an  abundant  disengagement  of  pure  hydrogen  gas,  and 
the  hypophosphorous  acid  is  entirely  converted  into  phosphoric 
acid.  In  the  same  manner,  when  baryta,  strontia,  or  lime  is 
added  to  the  solution  of  a  hypophosphite,  hydrogen  is  disengaged, 
and  the  hypophosphite  is  converted  into  a  phosphate ;  but  this 
conversion  is  less  n^d  than  when  potash  or  soda  is  employed. 
This  reaction  may  serve  to  distinguish  hypophosphites  from 
phosphites.    (Page  275.) 

*  Free  hypophosphorous  acid  cannot  be  confounded  with  any 
other  add  except  phosphorous  add.  In  order  to  distinguish 
these  two  adds  from  each  other,  they  are  to  be  cautiously  satu- 
rated by  means  of  a  fixed  alkali,  or  still  better  by  an  alkaline 
earth,  for  example,  baryta,  and  the  solution  is  to  be  evaporated 
to  dryness,  and  the  dry  salt  is  then  to  be  heated  to  redness  in  a 
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^liiali  retort,  over  a  spirit  lamp.  If  inflammable  phosplmrctted 
hydrogen  gas  is  then  evoh  ed  {gas  phosphure  trihydnfiiie)^  either 
spontaneously  inflammable,  or  which,  being  set  tire  to,  emits 
white  fbmes,  the  acid  was  hypophosphoroiu  acid ;  but  if  the 
phoephuzettod  hydfogen  gaa  ia  not  spontaneously  inflammable, 
but,  being  set  fire  to,  bums  with  a  blue  flame  without  emitting 
white  funics,  the  acid  was  phosphorous  acid.  Wlicu  the  analyst 
has  a  sufficient  quantity  of  hypophosphorous  acid,  it  may  be 
recogniied,  becanae  its  solution,  even  if  concentrated,  being 
caiefiilly  satuzated  by  an  alkali,  does  not  give  any  precipitate  in 
solutions  of  salts  of  earths,  or  metallic  bases,  which  is  not  the 
case  with  phosphorous  acid. 

*  The  property  which  the  hypophosphites  possess,  except  those 
of  cobalt  and  of  nickel,  of  disengaging  gaseous  trihydrogoret  of 
phosphoniB,  when  exposed  to  a  red  heat  in  a  small  retort,  is  so 
chaiacteristic,  that  they  cannot  be  eonfoimded  with  other  salts. 

9.  BORACIC  ACID,  BO,. 
{Addc  Borique.} 

PvBB  borado  acid  is  a  colourless,  transparent,  and  brittle 
glass,  which  fuses  at  a  dark  red  heat,  and  does  not  Tolatilise 

After  fusion  in  platinum  vessels,  boracic  acid  is  somewhat  diffi- 
cultly soluble  in  water.  If  it  be  then  dissolved  in  hot  water, 
the  hquid,  on  cooling,  deposits  crystalline  scales,  which  have  the 
shining  appearance  of  mother-of-pearl,  and  feel  unctuous  to  the 
touch.  They  consist  of  hydrate  of  boracic  acid,  sparingly 
soluble  in  water'.  The  solution  reddens  blue  litmus  paper,  but 
it  renders  turmeric  paper  broum,  like  an  alkaline  solulion.  When 
an  aqueous  solution  of  boracic  acid  is  slowly  evaporated,  a  large 
portion  of  it  volatilises  with  the  aqueous  vaponr*.  Boradc 

^  At  the  ordinar}'  tfrnpcrature,  borjiric  afid  is  one  of  the  weakest  acids  known; 
bat  at  a  red  beat  it  displaces  moat  of  the  acids  which  are  more  volatile  than  itself. 
—Ed. 

'  Hydrated  borade  add  is  aohible  in  30  parts  of  cold  and  3  of  boiting  water ;  the 
lattar  depodts  pearly  scales  on  cooling.  The  pore  add  is  not  depodted  from  its 
aqoeona  solution  in  scales,  but  in  small  prisms. — Ed. 

'  This  add  begins  to  volatilise  with  the  sqneous  Tspour  evon  before  the  water 
boiU— EiK 
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add  »  soluble  in  alcohol^  to  the  flame  of  which  it  imparts  a  gieen 
colour^  which  becomes  more  especially  disHnct  when  the  solntion 
is  stirred,  or  towards  tht-  end,  when  the  alcohol  is  nearly  all 
consumed.  This  colouring  imparted  to  the  flame  of  alcohol,  is 
the  most  distinctive  character  of  boracic  acid.  When  the  alco- 
holic solution  of  this  add  is  evaporated,  the  V9;gam  of  the 
alcohol  carry  away  a  large  quantity  of  the  add. 

Amongst  borates,  those  only  which  have  an  alkaline  base  are 
very  sohihlo  in  water'.  *  The  neutral  combinations  of  ])oracic 
add  with,  the  earths  and  the  metallic  oxydes  are  iusoluble» 
or  at  any  rate,  most  of  them  are  sparingly  soluble,  in  water ; 
wherefore  the  neutral  solutions  of  the  salts,  the  base  of  which 
is  an  earth  or  a  metallic  oxyde,  produce  predpitates  in  the 
neutral  solutions  of  alkaline  borates  only  when  they  are  not 
too  dilute.  Such  is  the  case,  for  example,  when  the  solutions 
of  borates  are  mixed  with  a  solution  of  chlobids  of  barium, 
which,  however,  must  not  be  too  dilute.  The  predpitate  which 
results  from  this  reaction  is  completely  soluble  in  a  large  quan- 
tity of  water  ;  it  is  more  soluble  still  in  a  solution  of  sal  ammoniac, 
or  in  an  excess  of  chloride  of  barium.  The  predpitate  which  a 
solution  of  CHLOBiDB  OP  CALCIUM  determines  in  those  of  borates 
is  more  soluble  stfll  than  borate  of  baryta  in  water,  and  especially 
in  a  solution  of  sal  ammoniac  or  of  chloride  of  caldum.  The 
precipitates  which  a  solution  of  nitrate  op  lead  produces  in 
those  of  borates  are  much  less  soluble. 

*  A  solution  of  nitbatb  op  bilvbb  produces  in  concentrated 
solutions  of  borates  a  white  predpitate  of  borate  of  silver,  which 
is  completely  soluble  in  a  large  quantity  of  water,  without  under- 
going decomposition.  A  very  dilute  solution  of  a  borate  causes 
in  that  of  nitrate  of  silver  a  brown  precipitate,  insoluble  in  any 
quantity  of  water,  and  which  consists  of  oxyde  of  silver  without 
boradc  add.  The  two  predpitates,  that  of  borate  of  silver  and 
of  pure  oxyde  of  silver,  are  very  soluble  in  dilute  nitric  add 
and  in  anuuouia. 

*  A  solution  of  i'HOTOcuLORiDE  OF  MERCURY  dctcmiinos  ill 

*  These  solutioiiB  uf  bumtcs  ot  alk&licu  rvact  upuii  tunnuric  paper  like  a  free 
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solutions  of  borates  a  browuish-red  precipitate,  whicli  is  a  com- 
pouid  of  protoxyde  of  meicuiy  and  piotochloride  of  mercury^ 
and  which  oontains  no  boradc  add :  the  precipitate  is  inaolnble 
•in  water. 

*  A  solution  of  sruMTRATK  ujr  MiiKCURY  pioduces  a  browu 
precipitate  in  those  of  borates. 

When  soluble  borates  are  decomposed  by  boiling  them  with 
dilute  BVhBUVBJC  acid,  crystalline  spangles  of  boradc  add, 
whieh  are  sparin^^ly  aolnble^  are  formed  as  the  Hqnor  cools. 
These  spangles  may  be  recognized  by  tlic  characters  which 
have  been  related  above;  but  it  is  necessary  to  wash  them 
before  with  a  little  water,  in  order  to  expel  the  sulphuric  add 
which  might  adhere  as  well  as  the  sulphate  formed. 

When,  afler  having  pulverised  the  borates,  th^  are  moistened 
with  a  few  drops  of  (concentrated)  sulphuric  add  in  a  small 
capsule  of  porcelain,  or  in  a  crucible  of  platinum,  and,  alcohol 
being  poured  upon  the  mass,  it  is  inflamed,  it  burns  with  a  green 
flame,  the  hue  of  which  becomes  more  distinct  by  stirring  the 
liquor*.  It  is  worthy  of  remark  that  metallic  chlorides  upon 
which  sulphuric  acid  and  alcohol  are  poured  may  communicate 
to  the  flame  of  the  latter  a  greenish -blue  colour,  which  is  due  to 
the  muriatic  ether  produced  during  the  reaction,  but  which  does 
not  resemble  much  that  which  is  determined  by  boradc  add. 

*  When  the  borates  which  contain  water  of  crystallisation 
are  heated,  they  often  produce  an  extraordinary  intumescence 
whilst  parting  with  their  water.  After  havinj:^  lost  their  water, 
and  by  continuing  the  heat,  they  fuse  tranquilly  into  a  liquid, 
which  forms  a  glass  on  cooling 

'  According  to  Dr.  Fn>H<«niu8,  this  test  may  be  rcndortMl  much  more  delieat*  hy 
be&ting  the  vessel  wliuh  contains  the  alcoholic  mixture,  and  the  alcohol  being 
inflamed,  to  allow  it  to  burn  for  nomo  Uttle  time,  cxtinguiahing  it,  and  a^in  in- 
flaming  it,  when  the  border  of  the  flame  will  appear  green,  ey«li  ttuN^  tfie  qimt^jr 
of  boTMie  Mid  be  M  minnte  tint  it  wo«ld  ba  to  pndQoe  tiM  di^^ 
bj  trwUmant  in  Ihm  otml  inij.^Eo. 

*  Tlie  borates  which  have  been  mixed  with  vidpburic  add,  or  retain  as  yet  a 
tmmll  quantity  of  that  acid,  nhould  never  be  exposed  to  a  red  heat  in  platinum 
crucibles  :  for  although  boracic  acid  and  snlpliunc  ncid  have  sopai-ately  no  action 
U|Mjii  platinum,  yet  tlu  ir  combiuaiion  attacks  theui  powerfully.  It  likewise  corrodes 
porcelain  crucibles, — Ed. 
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Accordiug  to  Turner,  the  borates  can  be  detected  before  the 
blow- pipe  by  mixing  them  with  a  mixture  of  one  part  of  puU 
Teriaed  flnor-spHr^  and  fonr  and  a  half  parts  of  bisulphate  of 
potash;  the  whole  is  to  be  nunstened  with  a  little  water,  and 
exposed  on  a  wire  of  platinum  to  the  point  of  the  interior  flame ; 
a  short  time  after  tlic  fusion,  a  ^reen  colour  is  observed  round 
the  flame,  which  soon  vanishes,  not  to  re-appear  again. 

The  best  character  licu' detecting  boTBcio  acid  is  the  green  ocdow 
which  this  acid  in  a  free  state,  as  weU  as  the  borates  deoompoeed 
by  sulphuric  add,  commnnicale  to  the  flame  of  aloohoL 

* 

10.  SILICIC  ACID,  SiO,. 
(Acidf  aUieistu.) 

PuRB  silicic  acid,  artificiaUy  prepared,  is  a  white  powder 
which  grits  between  the  teeth.  It  is  found  in  nature  in  a  ciys- 
taltised  state  in  rock  crystal,  and  in  a  compact  state  in  quartz ;  it  is 
then  white  or  else  coloured  by  verv  minute  traces  of  deutoxvde 
of  manganese,  of  peroxyde  of  iron,  or  of  organic  matter,  as,  for 
example,  in  cornelian  \  Glass  is  slightly  scratched  by  rodi  crystal 
and  by  quarts;  but  these  two  substances  are  not  so  hard  as 
diamond  and  some  other  gems '. 

As  found  in  nature,  silicic  acid  is  insoluble  in  water,  stud  in 
almost  all  acids.  After  exposure  to  a  red  heat,  artificial  silicic 
add  is  perfectly  insoluble  in  water,  and  in  most  adds.  Its 
insolubility  in  water  renders  it  incapable  to  expel  the  carbonic 
add  from  the  solutions  of  carbonates,  and  consequently  it  may 
be  mixed  with  their  solutions  without  causing  an  etrcrvcsccuce ; 
but  when  silicic  acid  is  fused  with  the  alkaline  carbonates,  it 
combines  with  these  bases,  and  carbonic  add  escapes  with 
effervescence.   When  silidc  add  is  thrown  into  carbonate  of 

'  According  to  Gaultrier  do  Claubry,  the  colour  of  tlie  red  cornelian  is  o\^-infj  to 
}\  c:irbonaci*ons  matter,  which,  Uke  other  ox^^uoio  products,  can  be  deetro^'ed  bjr 

cal  c  i  nation .  —  En. 

'  Silicic  acid  is  the  most  abundant  sulid  mineral  in  nature.  In  order  to  obtiun 
it  p«iftetly  pure,  the  precipitate  fiiffined  by  hydroflno^de  acid  gas  in  water,  k  to 
be  mahed  two  or  Ihne  timee^  drj^ng  and  gently  igi^ting  it  in  order  to  oxpd  all 
tnwes  of  hydrofluoric  acid.  In  this  state  it  is  a  white  powder,  in  an  excessive 
etate  of  division,  and  so  li^t  that  a  hreath  of  air  isanlBdeat  to  waft  it  away. — £n> 
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potash  or  of  soda  in  a  state  of  fusion,  the  fused  mass  eftervesces 
in  the  tame  maimer  as  when  the  solution  of  an  add  is  poured 
into  that  of  a  carbonate  *. 

HrnaoFLiTOBic  acid  is  the  only  add  which  easily  dissolves 
the  powder  of  ignited  or  of  natural  silicic  acid.  The  more 
concentrated  the  solution  of  hydrofluoric  acid  is,  the  more  easily 
does  silicic  acid  diaaolve  in  it.  When  the  hydn^uoric  add  is 
concentrated  enough  to  emit  fames  in  the  air,  so  mnoh  heat  is 
evolved  whilst  the  silidc  add  is  dissolving  that  the  whole  mixtmre 
becomes  boiling.  This  experiment  must  necessarily  be  made 
in  metallic  vessels,  because  the  silicic  acid  contained  in  glass  is 
likewise  attacked  by  hydrofluoric  acid. 

The  sihdo  add  prepared  by  artificial  means,  and  separated 
from  ita  oompomidsy  is  a  modification  of  that  which  ocqors  in 
the  state  of  natnre^  as  rode  crystal  and  quarts,  for  it  is  not 
completely  insoluble  in  water  and  iu  acids ;  far  from  it,  since, 
on  the  contrary,  it  sometimes  can  be  thus  dissolved  with  the 
greatest  £Mality.  When  separated  from  diloride  of  ailidum^ 
bnt  more  eopedally  still  from  fluoride  of  aalidum,  by  means  of 
water,  a  small  quantity  remains  dissolved  in  that  menstruum, 
which,  however,  does  not  thereby  acquire  any  taste,  nor  the 
property  of  reddening  litmus  paper.  The  silicic  acid  cannot  be 
recognised  in  this  solution  except  by  evaporating  the  liquor 
almost  to  diyness;  and  by  pouring  water  npon  the  lesidunm, 
silidc  add  is  separated  in  an  insoluble  state. 

A  solution  of  potash  with  the  help  of  heat  easily  dissolves 
the  silidc  add  which  has  been  dried,  but  not  ignited,  and  the 
solution  does  not  become  gelatinous  on  cooling. 

Solntions  of  cabbonatb  ot  soba,  or  of  carbonate  of  potash, 
dissolve  likewise  with  ease,  and  with  the  help  of  heat  the  silidc 

'  Pore  silicic  acid  may  bo  fused  per  se.  M.  Gaudin  succeeded  in  cfTecting  this 
by  sabmitting  it  to  the  intense  heat  of  the  oxyhydrogen  blow-pipe.  When  fused, 
it  remains  viscid  liko  glass,  and  at  a  temperature  a  little  above  the  fusing  point  it 
sublimes  unflor  the  form  of  n  thin  mpour,  which  may  be  condensed.  This  sublimate 
is  due  probably  to  the  aqueous  vapour  resulting  from  the  combination  of  the 
detonating  mixtnw  vmeA  to  fbw  i^«ad  bj  wiiidi  iti*  eairiod  away,  as  is  the  eeee, 
fir  esnaipl^  with  Inxmde  aeid  (eeeaoto,  page  279),  whidi»iiotlmng  volatQe  per  se^ 
yet  flies  off  with  tin  aqneooe  vapour  of  its  boiling  aofaitioD^ED. 
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Hcid  whicli  has  been  dried ;  but  the  liquor  on  cooling:  stiffens 
into  an  opalescent  jelly,  which  is  so  much  the  more  stiff  and 
lapidlj  fomied^  as  the  solation  is  more  conoentrated. 

*  Silicic  acid  which  has  been  ignited^  and  tluit  found  in  nature 
as  rock  crystal  and  quartz,  are  also  sohible,  the  latter  alter  being 
reduced  into  fine  powder,  in  the  solutions  of  pure  alkalies,  and  of 
the  hxed  alkaline  carbonates ;  but  they  are  dissolved  with  much 
more  difi&culfy  than  that  which  is  artifidaUy  prepared  and  not 
ignited. 

'I'  The  combinations  of  siHcic  add  with  the  fixed  alkalies  are 

always  soluble  in  water,  even  when  tlu;y  contain  a  considerable 
excess  of  silicic  acid.  It  is  true  that  they  are  almost  insoluble 
in  cold  water^  but  when  in  powder,  boiling  water  dissolves  them. 
The  combinations  of  silicic  acid  with  the  other  bases  are  inso- 
luble; the  double  salts  composed  of  silicates  of  alkalies  and  of 
silicates  of  earths,  or  of  metals^  which  constitute  ordinary  glass, 
are  likewise  insoluble. 

The  alkaline  silicates  which  contain  a  great  excess  of  base  arc 
soluble  in  water.  The  more  considerable  the  quantity  of  the 
silicic  add  contained  in  these  combinations^  the  more  difficult 
they  are  to  dissolve  in  cold  water;  and  when  they  contain  a  very 
large  i)roportion  of  silicic  acid,  tliey  altogether  resist  the  action 
of  water  and  of  acids^  hydroiiuoric  add  only  being  excepted. 
Glass  is  amongst  the  number  of  such  combinations. 

*  The  presence  of  the  alkali  in  glass  is  difficult  to  ascertain  in 
qualitative  analysis.  To  effect  this,  it  is  necessary  to  reduce 
the  persilicatc  of  alkuU  in  fine  powiler,  to  put  it  in  a  platinum 
crucible,  to  pour  upon  it  some  concentrated  hydrofluoric  acid,  to 
add  sulphuric  acid,  and  evaporate  the  whole  to  dryness;  the 
alkali  remains  in  the  state  of  sulphate^  and  may  thus  be  easily 
recognized. 

When  the  silicates  of  alkalies  containing  a  great  excess  of 
base  are  dissolved  in  water,  and  the  solution  is  supersaturated 
with  muriatic  acid,  the  modihcatiou  of  sihcic  acid,  which  is 
easily  soluble,  is  set  free^  and  remains  completely  dissolved, 
provided  the  liquor  be  suffidently  diluted  with  water,  and  no 
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precipitate  is  formed.  But  if  the  same  basic  alkaline  silicate  has 
been  dissolved  only  in  a  small  quantity  of  water,  and  the  solution 
be  saturated  with  an  acid^  the  greatest  part  of  the  silicic  acid  is 
aepiurated  under  the  foim  of  a  jelly^  or  of  gelatinotts  flakes, 
which  the  additbn  of  a  larger  quantity  of  water  does  not  dissolve, 
though  another  portion  of  the  silicic  acid  remains  dissolved  in 
the  acid  liquor.  Consequently,  the  more  the  aqueous  solution 
of  the  basic  alkaline  silicate  is  diluted,  the  less  abundant  the 
quantity  of  silicic  acid  separated  by  supersaturating  it  with  adds 
ia ;  nay,  if  this  sohition  is  very  dilute,  it  often  occurs  that  no 
nficic  acid  is  separated,  as  we  have  said  aboye.  On  the  con- 
trary, the  more  concentrated  the  solution  is^  tlic  larger  also  is 
the  quantity  of  silicic  acid  separated  by  supersaturating  it  with 
acids ;  and  at  a  certain  degree  of  concentration  the  silidc  acid 
thna  separated  is  so  abundant  that  the  whole  bquor  stiffena  into 
a  thick  mass. 

If  the  supersaturated  liquid  from  which  a  small  quantity  of 
sihdc  add,  or  none,  has  separated,  be  evaporated,  and  after 
having  attained  a  certain  degree  of  concentration  if  it  be  left 
to  cool,  the  silicic  add  separates  therefrom  under  the  form  of  a 
transparent  jelly,  resembling  mudi  that  which  is  produced  when 
a  solution  of  animal  glue  in  boiling  water  is  cooling.  By  poni 
water  upon  this  jelly  the  greatest  part  of  the  silicic  acid  is 
separated  under  the  form  of  thin  insoluble  flakes,  but  there  is  a 
portion  of  the  add  which  dissolves  in  the  water.  If  the  evapora- 
tion of  the  jelly  is  carried  to  complete  exsiccation,  the  whole  of 
the  silicic  acid  remains  insoluble. 

The  basic  combinations  of  silicic  acid  with  baryta,  strontia, 
and  lime  behave,  at  least  towards  adds,  in  a  manner  analogous 
to  that  of  the  basic  alkaline  silicates.  When  treated  by  muriatic 
'  add,  the  greatest  portion  of  the  sQide  add  is  separated,  but  a 
portion  of  this  acid  remains  dissolved,  and  forms  a  jeUy  when 
the  acid  liquor  is  concentrated  by  evaporation  ;  and  in  this  case, 
also,  for  the  purpose  of  separating  the  silidc  acid  entirely,  it  is 
necessary  to  evaporate  the  jelly  to  dryness,  and  to  treat  the 
dried  mass  by  water. 
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The  oombiiifttioiiB  of  silicic  add  with  non-alkalme  bases  aie 
insoluble  in  water.  TVith  rapect  to  their  behaviour  towards 
acids,  they  may  be  dirided  into  two  classes.   In  effect^  some 

them  are  decomposed  by  the  strong  acids,  such  as  concentrated 
muriatic  add;  the  others  resist  the  action  of  the  most  powerful 
adds. 

The  silicates  whidi  are  decomposable  by  muriatic  add  are  not 

aU  decomposed  in  the  same  manner.  When,  after  reducing  the 
salt  into  fine  powder,  muriatic  acid  is  poured  upon  it  in  the  cold, 
it  is  often  decomposed  all  of  a  sudden,  mudi  heat  is  evolved,  and 
the  whole  stiffians  into  a  gelatinonB  magma.  If  water  be  then 
poured  upon  this  mass,  the  bases  wfaidi  before  were  combined 
with  the  silicic  acid  are  dissolved  in  the  state  of  metallic  chlorides, 
and  the  silicic  acid  remains  under  the  form  of  delicate  flak^. 
To  this  class  the  silicates  which  are  found  in  nature  under  the 
name  of  seolites  belong,  and  especially  those  amongst  them 
whidi  contain  water  of  crjrstallisation ;  yet  in  most  cases  they 
are  scarcely  attacked  by  muriatic  acid  when  they  have  been 
ignited.  But  it  often  occurs  that  the  pulverised  silicates  are 
attacked  by  muriatic  add  only  after  a  prolonged  digestion 
therein,  and  without  production  of  a  jelly  or  of  a  gelatinons 
mass :  in  these  instances,  the  silidc  add  is  separated  under  the 
form  of  a  fine  powder. 

The  silicates  which  resist  the  action  of  acids  are  decomposed, 
with  disengagement  of  carbonic  add,  when  their  powder  is 
ignited  with  three  times  its  weight  of  carbonate  of  potash  or  of 
soda.  The  pnlTcrised  silicate  is  mixed  with  the  alkaline  car- 
bonate also  in  powder  in  a  platinum  crucil)lc,  and  the  mixture  is 
to  be  ignited.  If  the  combination  contains  much  siUcic  acid,  a 
fused  mass  is  obtained  after  ignition ;  if  the  silidc  add  is  in  less 
quantity,  the  mass  after  ignition  is  on]y  agf^omerated :  in  dther 
case,  the  mass  being  treated  by  dilute  muriatic  add,  the  bases 
which  were  combined  with  the  silicic  acid  are  dissolved  in  and 
unite  with  the  muriatic  acid,  and  the  greatest  part  of  the  silicic 
acid  is  separated ;  but  a  certain  quantity  of  it  remains  in  solution, 
which  forms  a  jelly,  when  the  liquor  is  brought  by  evqxnration 
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to  a  oertaiii  degree  of  concentration.    If,  however,  there  is 

but  little  silicic  acid  in  the  combination,  it  often  may  occur 
that  the  calcined  mass  dissolves  entirely  in  the  dilute  muriatic 
add. 

Many  nlicates  Mem  at  fint  to  remtA  altogether  the  action  of 
acids ;  yet  by  prolonged  digestion  in  the  acid  they  ultimately 

are  decomposed,  especially  when  sulphmnc  acid  diluted  with 
a  small  quantity  of  water  is  employed.  By  a  prolonged  digestitm 
in  snlphnnc  acid,  nearly  all  silicates  are  decomposed. 

A  small  number  of  silicates  are  not  decomposed,  either  by 
acids  or  by  fosion  with  alkaline  carbonates.  Their  decom- 
poyition  cau  be  effected  only  by  reducing  them  in  extremely 
fine  powder,  mixing  them  with  three  times  their  weight  of  pure 
potash,  and  i^iting  them  in  a  silver  crucible. 

The  following  silicates,  which  are  found  in  nature,  are 
completely  decomposed  by  muriatic  add. 


6.  Analcime     •      .  [Silica,  alumina,  soda,  water.] 

7.  Laomonite       .    .  [Silica,  ahunina,  lime,  and  water.] 

8.  PotMbhannotome.  [Silica,  almniniy  btiytey  potaab,  and  water;  MmeliiiiM 

lime."J 

9.  Leacite     •       .    .  [Potash,  silica,  and  alumina.] 

10.  Eleolito        .       .  [Silica,  alnmina,  lime,  potash,  soda,  and  water.] 
•11.  Brewsterite       .    .  [Silica,  alumina,  strontia,  baryta,  lime,  and  water.] 

12.  Sodalite  .  [Soda,  ailica,  and  alumina,  with  a  small  quantity  of  mu- 

riatic acid.] 

13.  Cronstedtite     .    .  [Silica,  oxyde  of  iron,  water.] 

*  14.  nvaite  .      .      .  [Silica,  protoxyde  of  iron,  and  lime.] 

15.  Gdiknlte  .  (SOiea,  ahxmina,  lime,  oxyde  of  iron.] 

16.  Wanmito       .  .  [SiUM,  alumina,  lime,  soda.] 

17.  lUmkripMP      .  [SOien  and  Kow.] 

18.  NaplMline      .  .  [Soda,  liliaty  and  ahmina.] 


>  Soolecite  and  meeolito  bnvo  noairty  <he  mum  oiTilalliiio  fimn,  and  tin  same 
plqwcal  and  ehemieal  diatnetan. — Ed. 


OOKBUUTION  OV 


1.  ApophyUilo 

2.  NatroUte 

3.  ScoJezite  . 

4.  Mesolite* 

5.  Mesolo  • 


.  [Potash,  rilica,  lime^  and  water.] 
.  [Silica,  aoda,  and  water.] 


.  [Silica,  alnmina,  lina^  ooda*  and  water.] 


Do.  do.  do. 
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•  19.  C9iiiflriiiite>. 
•SO.  IMUnito 

21.  ClMdMuit0  . 

32.  PeetoHte 

23.  OkMdte 

24.  Daryne  . 

25.  Giidolenite  . 

26.  Alloplmne 

27.  Uelviiie 

28.  Dfttholito 

29.  Boti7olite  . 

30.  Haliyne  . 

31.  NoBUUi 
82.  I^CTlite 

88.  Biidi«lile« 

84.  Orthite  . 


oomniiAnoH  or 

.  [SOiosiniigiiMiisliiii^oi^orifan.] 
.  [SilicA»aliiiiiiiia»]iiiie»imterwithsUttle 

•  [SQica,  Kme,  soda,  potMh,  water,  oxydc  of  iron.] 

.  [SiUoft,  Hne,  loda,  and  potaah,  oxyde  of  iroOf  oxjde  of 

manganese,  water.  ] 
.  [Silica,  alumina,  lime,  iron,  water.] 
.  [  Yttria,  silica,  glucina,  oxydot  d  oeriiim  Mid  iron.] 

.  [Alumina,  silica,  wat«'r.] 

.  [Silica,  ^hicina,  alumina,  and  protoxydo  of  iron  and  of 

manganese.] 
.  [Silica,  boracic  aeid,  limo,  water.] 

.  [DitierH  from  precedent  in  oontaininp  1  atom  more  of  water.] 
.  [Potash  or  t>uiUi,  bIHch,  alumina,  lime,  uiid  Hulphuric  acid.] 
.  [Sesquisilicate  of  alumina  and  Boda  (Klaproth).] 
.  [Silioa»  ■faiiaiiia»  lime,  oxyde  of  iron,  magncwa,  aoda,  and 

flalphiirie  add.] 
.  [SOios  wda^  BMoniis  line,  oxydeo  of  iron  Mid : 

mnriatic  add  and  water.] 
.  [8ilko>  alninina,<Mqrdeg  of  iron,  cerium,  lanthMimn, : 


0 


85.  Bleetrie 

86.  adtfroMUwfito 
87. 


[Oxyde  of  sine,  ailioa,  and  water.] 
.  [Protoxyde  of  iron,  aUka,  ahimina,  and  water^] 
.  [SQieate  of  protoxyde  and  aeiqaiosTde  of  iron  +  6 

of  water.] 


1  This  mineral,  discovered  by  Hoffmnn,  '\»  thoufjht  by  some  mineralogiata  to  be 
the  same  as  eodalito.    Their  respective  aualytus  is  as  follows  : — 


Mikauns.  1 

CAWcairrrrE. 

raoM  eaBBXtAim. 

Eekelwrfr. 

■ 

Watchiiu-lstcr 
and  rtcm  Uus. 

Soda  • 
SiUea    .      .  . 
Alumina  .  . 
Lime    •      •  . 
Muriatioaeld 

Protoxyde  of  iron 
Volatile  matter  . 

2500 
86-00 

3200 
000 
6-75 
0-25 
0*00 

25-50 
88*52 

27-48 
2-70 
8^6 

1-  00 

2-  10 

1  26*55 
85-99 

'  32-59 
1  000 
5-80 
1  0-00 
1  0*00 

20*96 
50-98 

27-64 

0-  00  1 

1-  29 

0-00  ' 
000 

24-47 
88*40 

3204 
0*82 

10M4-77 

loooo 

10000 

100-00 

1 

100-00 

10000 

inNi.'~Ko. 

*  ThiH  mineral  must  not  be  oonfoanded  with  ealandne,  which  is  a  carbonate  of 
cine,  whilst  the  other  ia  a  ailioioaa  oi^de  of  niie,  or  father  a  l^drated  nUcate  of 

sine. — Ed. 

*  This  mineral  is  probably  a  basic  silicate  of  iron,  and  the  alumina  an  accidental 
iqgroffient. — ^Bd. 
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COMBTNATTON  OP 

38.  Dioptasc  .        .    .  [Silicate  of  copper  and  wati  r.  J 

39.  Meerschaum  .       .  [^lagnesia,  carbonic  acid^silicn,  water,  a  little  alumiim,  and 

traces  of  manganeso  aod  Ume.] 

40.  Copper  nMkeliile  .  [CkAoaKto  aiidrilioite  of  copper  tad  irolo^.] 

41.  Stilliite>  .  [SiIiMtoofaliiiiii]n,or]iiiie,andim^ 

42.  Eptotilbite*    .    .  [Silimteor«lii]iiiiusof  linn^aiidtniter.] 

48.  HeolMifito  .     .  [TenDicete  of  ahtniim  end  of  lime.] 

44.  Aaortiiite       .  .  [Siliei»eliiiniiu^Hine,iiM^wilft  ] 

45.  SphenftorTitenite.  [TwrilMeof  lime^aiidtiteiiietftof  1^ 

49.  Fyrannlito    .  .  [Lmw^tenfficeleof  oaqpdeof  iiwiaiidof  inengMf^ 

47.  Cerito  .  .  [HydietoddUcateof  peroiqrdeof  oerium.] 

48.  Cerine  or  Alfauute .  ISiHcateof  ehmiiiifteaditf  eerill^^  of  iioDMidof  1^ 

49.  FltdiblendeS    .  .  [Ufemnni  om.— Ed.] 

The  first  forty  of  these  compounds  when  pulverised  form  a 
jellj  when  muriatic  add  ia  pomred  upon  them,  which  is  not  the 
case  with  the  remainder,  some  of  which  are  completely  decom- 
posed only  by  reducing  thcin  to  an  extremely  fine  powder  and 
dig^ting  them  for  a  louj;  time  in  hot  muriatic  acid.  Most  of 
these  compounds,  though  not  all,  after  ignition,  resist  the  action 
of  adds.  Some  of  them  especially,  among  the  last  named,  are 
decomposed  by  acids,  even  after  they  hare  been  ignited. 

The  following  silicates,  which  arc  found  in  nature,  absolutely 
withstand  the  action  of  acid»  even  after  tine  pulverisation; 
tberefoire,  other  means  must  be  resorted  to  for  the  purpose  of 
analysing  them,  which  is  accomplished  by  fusing  them  with 
carbonate  of  potash,  or  of  soda;  they 


1. 

2.  Albite 
8. 

4.  Petefite 

5.  Spodumene  (AnIci  ^odnmeiie) 

6.  OligoelMe 


7.  LebMdorite 

8.  Baiytie  hemotooie 

9.  OUTine 

10.  Prehmte 

11.  CarbonMed 
12. 


'  The  formula  of  cpistilbite,  according  to  Bouflnn,  H  A!  O^Si  +  CaO,  SiO,  +  5  a<|., 
that  of  stilbite  3  A1,0, +  CaO,  SiO,-t-t)  acj.  The  diticrence  consista  therefore  iu 
1  atom  of  vmter,^ED. 

>  The fomnte  is  4  Al^O,,  8  SiO,4-GaO,  3  SiO.-f  6  eq.  Thfttii to  mj,  4  atoau 
of  tenOidito  of  «liiniiiiie»  end  1  atom  of  terellieato  of  limo»  and  d  atoms  of  water, 
being  the  mean  of  two  analyses  by  Wabnsted  and  Thomson. — Ed. 

3  Tliis  ore  contains  from  2  to  5  per  cent,  of  ailioa,  probably  an  a  etate  of : 
nical,  not  of  chenucal  combination. — £o. 
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la.  LepldoUle 

14.  TiJo 

15.  Clikcite 

16.  Finite 

17.  AdnUto 

18.  Ampbibofo 

19.  Amhophyllito 

20.  PynHMoe 

21.  Dialbge 

22.  Ciiato7aiili|iir* 

23.  Epidoto 

24.  Idoenae 

25.  Ganet 
2«.  DidiMito 


27.  EnMcald 

28.  Eodaae 

29.  PhMMdcito 

80.  TonmiKlioo 

81.  Axinito 
32.  Topftz 

38>  Chondtodite 

34.  PiepMBifais 

35.  Offphollte 

36.  StMltte 

37.  Sfltpcotino 

38.  PimiM  stone 


40.  FiCdiatoiM. 


To  this  class  belong  also  the  diflfereut  species  of  artiticial 
glass  and  tlic  f;dse  gems. 

Amongst  the  silicioua  compounds  which  lesist  both  the 
action  of  adds  and  fbsion  irith  carbonate  of  potash  or  of  soda, 
but  which  are  completely  decomposed  by  ignition  with  pure 
potash,  the  follon-iug  are  the  onlj  ones  found  native,  namely: — 


4.  tonroKte 

5.  AndMto 


1. 

2.  Qmiite 

3h  Cymoi^iMW 


Before  the  blow-pipe  silicic  acid  may  be  recognised,  because 
it  is  almost  insoluble ;  or  it  dissolyes  on]y  in  extremely  small 
qnantily  in  microoosmic  salt^  even  after  protracted  blowing. 
Whilst  being  thus  treated  the  silicic  add  floats  in  the  fused 
bead  and  forms  a  swollen,  tr«anslucid  mass,  which  is  better 
perceived  during  fusion  than  after  cooling.  When  a  silicate  is 
treated  with  microcosmic  salt  before  the  blow-pipe,  the  bases 
dissolve  in  this  flux,  and  the  silicic  add  thus  liberated  swims  in 
the  bead.  Silidc  add,  on  the  contrary,  dissolves  completely  in 
borax,  but  the  solution  is  very  slow.  Treated  by  soda  before 
the  blow-pipe^  upon  charcoal,  it  fuses  into  a  perfectly  limpid 
glass^  and  carbonic  add  is  disengaged  with  effervesoenoe. 
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There  are  but  few  substances  wliicli,  treated  with  soda  before 
the  blow-pipe,  produce  a  bead  in  funug,  and  amongst  them 
silicic  acid  is  the  only  substsnoe  which  thus  forms  a  colourless, 
limpid^  and  transparent  glass^  by  which  characters  it  may 
therefore  be  easily  rccoo^iised.  Even  when  the  silicic  acid  con- 
tains a  small  portion  of  an  earth,  it  still  forms  a  clear  bead  by 
fusion  with  soda.  Such  is  particularly  the  case  with  felspar* 
But  the  more  earths  a  silicate  contains,  or  in  general  when  it 
contains  no  alkali,  the  more  infusible  the  combination  is  with 
soda,  especially  when  much  soda  is  used. 

Silicic  acid  differs  from  other  substances,  because  after 
ignition  it  is  insoluble  in  all  acids  except  in  hydrofluoric  acid. 
The  character  most  to  be  depended  on  to  detect  its  compounds, 
and  distinguishing  them  from  all  other  substances,  is  its  beha- 
viour towards  microcosmic  salt  and  soda 

U.  TANTAUC  ACID,  TM),. 

{Acide  ThnicUiqw:.) 

*  In  the  pure  state  tantalic  acid  forms  a  white  infusible 
powder,  which  does  not  redden  moistened  litmus  paper.  It 
is  quite  insoluble  in  adds  and  in  solutions  of  alkalies,  but  it 
dissolres  in  caustic  potash  by  fusion;  treated  in  the  same 
manner  with  the  fixed  alkaline  carbonates,  it  combines  with 
their  base,  and  carbonic  acid  is  disengaged  with  effervescence. 
It  is  also  dissolved  by  fusion  with  bisulphate  of  potash.  When 
the  mass  resulting  from  the  fusion  of  tantalic  add  with  bisul- 
phate of  potash  is  treated  by  water,  the  add  remains  undissolved 
in  the  state  of  a  hydrate. 

*  Hydrated  tantalic  acid  is  a  powder  of  a  milky  white  colour, 
insoluble  in  water,  but  which  being  spread  upon  litmus  paper 
in  a  moist  state  reddens  it  \   It  is  very  sparingly  soluble  in 

1  Oaee  dioiild  be  taken  not  to  use  too  luge  a  proportion  of  sods,  else  tlic  bead 
will  not  be  clear  or  coloufkaB.  The  bead  produced  it  of  course  silicate  of  soda,  and 
during  the  fuiiion  there  is  a  disengagement  of  carfaonio  idd  from  tbe  deoompoeation 

of  the  carbonato  of  soda  employed. —  Ed. 

*  When  hydx-ttU-'d  Uiiitalic  acid  i»  heated  iu  a  retort,  it  abandons  pure  water  which 
is  not  in  anjr  way  acid,  and  is  converted  into  anhydrous  tantalic  acid^  bnt  it  at  the 
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concentrated  sulphuric  acid  ;  but  water  rpprccipitatrs  it  from 
such  a  solution'.  Hydrop i.uosimcic  acid  dissolves  it  com- 
pletely ;  but  in  all  other  acids  it  ia  either  wholly  insoluble,  or 
very  sparingly  soluble.  It  is  pretty  largely  dissolved  by  boiling 
it  in  a  solution  of  binoxalate  of  potash  ;  the  liquid  obtained 
is  colourless^  but  the  alkalies  rcprecipitate  the  tantalic  acid 
from  sudi  a  solution'^  in  which  fersocyanubjet  op  potassium 
produces  a  yellow^  and  infusiom  of  oallb  an  orange-yellow 
precipitate.  Even  when  infhsion  of  galls  is  poured  u])on 
hydrated  tantalic  acid,  it  assumes  an  orange-yellow  colour, 
and  the  supernatant  liquid  becomes  yellow. 

*  Hydrated  tantalic  acid  is  soluble  in  solution  of  potash^ 
wherefore  when  ignited  tantalic  add  is  fused  in  a  silver  crucible 
with  caostic  potash,  the  fbsed  mass  may  be  dissolved  by  water. 
From  such  a  solution  tantalic  acid  may  be  precipitated  by  mu- 
riatic acid  and  other  acids,  in  an  excess  of  which  it  is  insoluble. 
But  when  it  is  fused  with  alkaline  carbonates,  the  resulting 
tantalate  of  potash  does  not  dissolve  in  water,  because  tantalate 
of  potash  is  insoluble  in  excess  of  alkfdine  carbonate;  when, 
however,  the  excess  of  alkaline  carbonate  has  been  removed  bv 
cold  water,  the  tantalate  of  potash  may  be  dissolved  by  boiling 
water.  The  carbonic  add  of  the  air  is  even  suffident  to 
predpitate  the  tantalic  add  from  such  a  solution. 

*  Htdkositlpruret  op  ammonia  has  no  action  upon  hydrated 
tantalic  acid.  When  this  rc-ajrcnt  is  addc  d  to  a  solution  of 
tautalic  acid  iu  binoxal.'ite  of  potash,  the  acid  is  precipitated  by 
the  ammonia,  and  sulphuretted  hydrogen  gas  is  disengaged. 

*  Before  the  BLOW-PiPB,  tantahc  acid  is  dissolved  by  micro- 
cosmic  salt  into  a  limpid  glass,  a  character  which  distinguishes 
it  from  silicic  acid.    It  dissolves  in  borax,  produdug  a  limpid 

same  time  loses  the  power  of  reddening  litmua  paper.  The  hydrate  containa, 
MMcdinig  to  Berzeliaa,  1 14  per  cent  of  water. 

'  Tlie  predpitftto  tlnis  nprodnoed  by  miter  reteint  a  certain  porlioD  of  Rilpharie 
add  wiCh  enetgyw— Eo. 

-  If  tlic  tantalic  acid  contains  any  tungstic  acid,  the  satonted  eolotioo  tlilfens  on 
eoo1in<,'  into  n  milky  jelly,  and  if  »  email  piece  of  sine  or  of  tin  be  iotrodnced  therein 
it  becomes  bluish. — £0. 
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oolourless  glau,  but  which  becomes  milky  either  the  instant  it 
cools,  or  when,  after  it  has  cooled,  it  is  again  gently  heated. 
This  character  also  distinguishes  it  from  silicic  add.  TantaUc 

acid  combines  with  soda  with  effervescence;  but  it  is  not 
reduced  by  it  upon  charcoal. 

*  Tantalic  add  differs  from  a  great  number  of  substances, 
because  after  ignition  it  is  insoluble  in  all  sobrents;  but  that 
which  distinguishes  it  best  from  all  other  substances  is  its 
sohibilily  in  water  after  fusion  with  pure  potash,  in  which- 
alkaliue  solution  muriatic  add  produces  a  milky  white  preci- 
pitate of  oxyde  of  tantalum,  insoluble  in  an  excess  of  muriatic 
add.  It  differs  also  from  silidc  add  by  its  behaviour  before 
the  blow-pipe, 

12.  TITANIC  ACID,  TiO.. 
{Aeide  TUanique.) 

*  Pure  titanic  acid  forms  a  white  powder,  when  it  lias  been 
prepared  by  igniting  the  hydrated  titanic  add  which  luis  been 
predpitated  by  boiling  from  its  solution  in  muriatic  add.  But 
when  it  has  been  predpitated  from  its  solution  by  means  of  an 
alkali,  and  then  ignited,  it  forms  a  cohesive  clotty  precipitate  of 
a  very  light>browniah  tinge,  which  has  much  lustre.  Titanic 
add  has  sometimes  a  reddish  colour,  which,  however,  is  owing 
to  the  presence  of  a  feeble  trace  of  peroxyde  of  iron.  When 
heated,  it  assumes  a  lemon-yellow  hue,  which  vanishes  on  cooling, 
and  then  it  becomes  white  again. 

*  Ignited  titanic  add  is  insoluble  in  all  acids,  except  in 
boiling  concentrated  sulphuric  add,  which  dissolves  it  with  the 
help  of  heat.  When  ignited  with  the  fixed  alkalies,  dther  pure 
or  carbonated,  it  cumliiiies  with  them,  and  when  the  ignition  is 
performed  with  the  carbonates,  the  carbonic  acid  is  disengaged 
with  effervescence.  The  fused  compound  is  crystalline,  and 
by  treating  it  with  water,  the  excess  of  alkali  is  taken  up,  and 
an  acid  titaniate  of  alkali  is  left,  whit  h  is  soluble  iu  muriatic 
add  when  digested  with  the  help  of  a  very  gentle  heat.  But  if 
this  add  solution  be  boiled  for  a  long  time  after  having  diluted 
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it  with  water,  the  grcntest  part  of  tlic  titanic  acid  separates 
under  tiie  form  of  a  heavy  white  precipitate '.  VVhea  this 
precipitate  is  gathered  on  a  filter,  the  liquor  paaaea  clear 
through  the  paper,  so  long  as  it  continues  to  be  acid ;  hut  if 
the  titanic  acid  be  washed  with  pure  water,  the  liquid  traverses 
the  thickest  paper  with  a  milky  colour,  and  mechauically  carries 
away  all  the  acid,  until  by  protracted  washing,  none  of  it 
ultimately  remains  on  the  filter.  The  titanic  acid,  which  is 
precipitated  by  ebnUition  from  solutions  of  titaniates  of  alkaUea 
in  muriatic  acid,  is  only  slightly  soluble  in  acids;  if,  on  the 
contrary,  it  ha&  been  precipitated  by  ammonia,  it  may  be  easily 
filtered,  and  is  completely  soluble  in  acids,  even  after  washing 
it  with  cold  water;  when,  however,  it  has  been  washed  with  hot 
water,  it  is  not  completely  soluble  in  arids'. 

*  White  bulky  precipitates  of  hydrated  titanic  acid  are  pro- 
duced in  muriatic  acid  solutions  of  titaniates  of  alkalies  by 

solutions  of  POTASH,  of  AMKONIA,  of  CABBONATB  OV  POTASB,  of 

BICARBONATE    OF    POTASH,    and   of  CARBONATE    OF  AMMONIA. 

These  precipitates  are  not  soluble  in  an  excess  of  the  re-agent  ^ ; 
but  the  titanic  add  of  which  these  precipitates  consist  is  com- 
pletely redissolved  by  an  excess  of  muriatic  and  of  several  other 
adds;  a  solution  of  sulphurous  add  does  not  wholly  dissolve  it, 

*  The  precipitetioo  of  l3be  titeido  add  ii  more  completely  effected  hy  disaohing  Uic 
titaniftte  of  alkali  in  euMentnled  mdplrarie  add,  iMtead  <if  mnrialie  add,  and 
dihitiQg  tlie  aolntioii  wilfa  a  liiga  quantity  of  waitar.— Bsw 

*  Berzdiua  ronavlu^tfiat  ignited  titiwic  add  inay  be  again  londer^ 

of  the  following  treatmentB : — Ist,  By  fusing  with  carbonate  of  pota-sh.  2ud,  By 
reducing  it  into  very  fine  powder,  and  digestitij:  it  in  concrntrated  sulpliuric  ncid, 
with  the  help  of  a  temiioratuiv  sufficient  gnulually  to  eva|Kii  aff  the  excess  of  acid. 
3nlly,  By  nuxiug  it  with  pulverised  cluircual,  and  ex|>osing  the  mixture  to  a  red 
heat  in  »  current  of  chlorine  gas,  by  which  means  a  liquid  cliloride  of  titouium  is 
obtained,  wliieh  nay  be  nbiequcntly  dilated  witli  watarw-^En, 

s  BendiiM  mgra,  tbat  titanie  add  xeoently  piMl^taled  by  ammonia  flNn  ili 
Bolutioma  in  adds,  is  dissolved  in  email  qvantity  bgr  tiie  aUtafime  eaibooaleB  vithont 
disengagement  of  carbonie  aeid.  Tbe  experiments  of  our  Author  in  184(>  also  have 
proved  tliat  catistic  ammonia  entirely  precipitates  titanic  acid  from  its  solutions  in 
cither  muriatic  or  suliihuric  acids,  whicli  acids  may  be  easily  removed  by  washing  ; 
but  the  well  washed  precipitate  obtained  is  an  acid  ammoniacal  salt,  composed  of 
87*69  per  cent  of  titanic  acid,  and  '2-47  per  cent,  of  ammonia,  anti  9  84  per  cent,  of 
water.  NH.,  TiO*+4  HO,  HO..— En. 
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unlesB  care  has  been  taken  to  avoid  heat,  as  much  as  possible, 
during  the  precipitation,  and  to  use  hot  water  liar  vashii^  it. 
The  alkaline  carbonates  dissolve  small  quantities  of  titanic  add, 

but  the  proportion  is  so  trifling  as  not  to  be  taken  into  account 
in  qualitative  analysis. 

*  When  the  solution  of  the  titaniates  of  alkalies  in  muriatic 
add  does  not  contain  too  much  firee  add — when,  for  example,  it 
haa  been  prepared  in  such  a  way,  that  part  of  the  titaniates 
treated  by  muriatic  acid  has  remained  undissolved,  tuid  has 
been  filtered  from  the  solution  diluted  with  water,  white  precis 
pitatea  are  produced  by  adding  thereto  dilute  svlphiteic, 
▲ussNic,  PROsruoBic,  TAUTABic  ACIDS,  but  more  especially 
OXALIC  ACID.    These   precipitates  consist  of  combinations  of 
titanic  acid  with  the  acid  employed ;  all  are  completely  redis- 
solved  by  an  ^QLcess  of  the  acid  employed,  and  likewise  by 
muriatic  add;  yet  the  predpitate  of  oxalate  of  titanic  add 
requires  a  very  large  quantity  of  the  acid  to  be  redissolved. 
Other  acids,  such  as  nitric,  acetic,  succinic  acids  produce  no 
predpitates  in  the  solutions  of  the  titaniates  of  alkalies  in 
muriatic  add. 

*  When  a  solution  of  titaniate  of  alkali  in  muriatic  add 

contains  the  least  po>ssible  quantity  of  this  acid,  infusion  op 
QAi.L8  produces  therein  a  rcddisii  orange-yellow  predpitate  of 
tannate  of  titanic  add.  If  infusion  of  galls  be  poured  upon 
titanic  add,  which  has  been  predpitated  from  its  solution  by 

boiling,  it  assumes  a  reddish  orange- yellow,  or  a  ydlowish- 
brown  colour. 

*  A  solution  of  rsBROCTANUBSx  or  roTAssiuM  produces  a 
dirty  de^green  predpitate  of  ferrocTanuret  of  titanium  in  add 
solntions  of  titanic  add. 

*  Sulphuretted  iiydrooen  in  aqueous  solution,  or  in  the 
gaseous  state,  produces  no  predpitate  in  the  acid  solutions  of 
the  titaniates  of  alkalies. 

^When  an  excess  of  hturosulphuebt  of  ammonia  ui  poured 

in  the  add  solutions  of  titaniates  of  alkalies,  a  white  precipitate  of 
titanic  acid  is  formed,  and  sulphuretted  hydrogen  is  disengaged. 
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If,  however^  the  aolutiou  contains  traces^  eveu  very  mmute^ 
of  peroxyde  of  iron,  the  precipitate  has  a  grey  or  a  bUu^L 
oolotir. 

*  If  a  bar  of  METALLIC  zinc  he  ])lunged  in  a  muriatic  acid 
solution  of  a  titauiate  of  alkali^  the  liquor  assumes  a  blue  colour^ 
and  at  first  remains  limpid,  whilst  the  £ree  add  disengages 
hydrogen;  but  after  a  time  a  blue  precipitate  is  formed,  which 
gradaally  becomes  white.  If  the  sine  be  zemoved,  whilst  the 
blue  lifiuor  is  still  clear,  and  an  excess  of  solution  of  potash  or 
of  ammonia  be  poured  therein,  a  blue  ])recipitate  is  formed^ 
which  gradaally  becomes  white,  whilst  hydrogen  is  disengaged* 
When  titanic  acid  has  been  precipitated  from  its  solution  liy 
boiling,  and  a  piece  of  zinc  is  thrnst  in  the  precipitate,  it 
assumes  a  blue  colour,  whicli  begins  from  the  zinc.  WTien 
a  solution  contains  only  a  small  quantity  of  titanic  acid,  it  is 
not  rendered  blue  by  sine  Metallic  iron  and  tin  behave  like 
zinc  in  this  respect. 

*  All  the  combinations  of  titanic  acid  ^vith  tlic  bases  appear, 
as  &r  as  is  known,  to  be  soluble  in  concentrated  muriatic  acid, 
even  after  ignition,  provided  they  have  been  brought  to  a  state 
of  fine  division  by  levigation.  The  solution  is  expedited  by  the 
application  of  heat,  which,  however,  must  be  very  gentle,  other* 
wise  the  dissolved  titanic  acid  might  be  precipitated,  and 
muriatic  acid  would  not  then  re-dissolve  it. 

*  In  the  course  of  chemical  analysis  the  operator  is  often 
liable  to  overlook  the  presence  of  titanic  add  in  many  titaniatea^ 
and  sometimes,  also,  that  of  the  bases  with  which  it  is  combined. 
The  })rescnce  of  the  bases  may  be  detected  in  the  combinations 
of  titanic  acid  with  the  alkalies  and  alkaline  earths  by  looking 
for  them  in  the  dear  liquor  filtered  firom  the  predpitate  of 
titanic  add  produced,  by  adding  ammonia  to  the  muriatic  add 
solution  of  these  compounds.  But  wheu  titauio  acid  is  com- 
bined with  bases  which  the  alkalies  can  likewise  precipitate 
from  the  muriatic  acid  solution,  it  is  often  difficult  to  separate 
the  titanic  add  from  these  bases  in  such  a  way  as  to  be  able  to 
identify  it.  When  these  bases  are  susceptible  of  being  precipitated 
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as  metallic  sulphureU^  by  means  of  sulphuretted  hydrogen 
added  to  this  add  solution^  this  re-agent  may  be  employed  to 
separate  the  titanie  add^  the  presenoe  of  which  may  subsequently 

be  detected  in  the  filtered  liquid.  If,  on  the  coutraryj  the  basca 
are  predpitable  as  metallic  sulphurets  only  in  neutral  or  in 
alkaline  solutions,  and  by  means  of  hydrosulphuret  of  ammonia^ 
(which  is  the  case,  for  example^  irith  protoxyde  and  peroxyde  of 
iron,  combined  with  which  titanic  acid  is  very  frequently  met 
in  nature),  it  is  often  practicable  in  qualitative  analysis  to  resort 
to  boiling,  in  order  to  precipitate  from  its  muriatic  acid  solution 
the  titanic  acid^  which  may  then  be  submitted  to  subsequent 
examination ;  but  when  the  compounds  contain  only  very  small 
quantities  of  titanic  acid,  as  tlic  acid  cannot  then  l)c  ])recipitatcd 
by  boiling,  the  operator  is  obliged,  alter  having  dissolved  the 
compound  in  muriatic  add,  to  add  to  the  liquid  a  solution  of  a 
non-Tolotile  organic  substance,  by  whidi  titanic  add,  like  most 
bases,  as  the  reader  may  recollect,  loses  the  property  of  hdng 
precipitated  by  alkalicvS.  The  suhitiou  which  is  best  adapted 
to  such  a  case  is  a  solution  of  taitaric  acid.  After  having 
poured  this  add  in  the  liquor,  the  solution  is  to  be  super- 
saturated with  ammonia,  which  then  causes  no  predpitate; 
after  which  liydrosulpliurct  uf  ainmonia  is  to  be  added  to  this 
ammoniacal  solution,  in  order  to  precipitate  the  metallic  oxydc 
in  the  state  of  metallic  sulphuret.  The  presence  of  the  titanic 
add  in  the  Hquor  filtered  from  the  predpitate,  cannot  be  recog- 
nised unless  by  evaporating  the  solution  to  dryness,  igniting  the 
residuum  in  contact  with  the  air  until  the  auuiiouical  salts  be 
expelled,  and  also  all  the  carbon  of  the  tartaric  acid  burnt,  after 
which,  what  is  left  is  titanic  add.  It  is  best,  when  the  quantity 
of  dry  reddunm  obtained  is  large,  to  ignite  it  in  a  small  platinum 
capsula  placed  in  the  muffle  of  a  small  assay  furnace.  When 
the  qiuuitity  is  less  considerable  a  platinum  crucible  is  sufficient. 

*  But  when  the  base  w  ith  which  the  titanic  acid  is  combined 
is  not  susceptible  of  being  converted  by  hydrosulphuret  of 
ammonia  into  an  insoluble  metallic  sulphuret,  the  greatest  diffi- 
culty is  often  experienced,  even  in  the  course  of  purely  qualitative 
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aualysitt^  to  separate  titanic  acid  from  iU  combinations,  especially 
M  its  union  with  aome  baaetat  times  oommunicates  to  it  certain 
properties  whicli  in  other  cixciunstanoes  it  dq^  not  posaeaa. 

This  is  more  particuhurly  tlie  case  with  the  natiTe  oomponncl  a{ 

titanic  acid  and  zireonia.  AMien,  after  halving  dissolved  this 
combination  in  sulphuric  acid,  and  diluted  the  solution  with 
water>  it  is  heated  to  ebullition^  little  or  no  titanic  add  is  preca- 
pitated,  though  ebullition  completely  precipitates  titanic  acid 
from  its  diluted  solution  in  sulphuric  acid  when  it  exists  alone ; 
neither  docs  a  solution  of  ferrocyanuret  of  potassium  produce 
any  precipitate  in  the  solution  of  these  two  substances.  Even 
the  xiroonia  cannot  be  precipitated  free  of  titanic  acid  from 
such  a  solution  hj  solution  of  sulphate  of  potash,  for  thia 
re-agent  precipitates  also  a  solution  of  pure  titanic  acid;  in 
order  to  obtain  the  piu*c  zireonia  it  is  necessarj-  that  the  liquor 
should  not  contain  too  much  free  acid.  The  only  available 
method  to  separate  these  two  bodies  in  qualitative  analysis^for  the 
purposeof  further  examining  each  separately,  is  that  of  Berselius ; 
namely,  by  precipitating  both  substances  from  the  solution  by 
means  of  ammonia,  igniting  the  precipitate,  and  fusing  it  in 
a  platinum  crucible  with  bisulphate  of  potash.  The  fused 
mass  is  then  to  be  digested  in  water,  and  the  combinatioii  of 
titanic  add  and  airconiay  which  will  haye  remained  undissolved^ 
is  to  be  treated  by  concentrated  muriatic  acid,  wliich  only  takes 
up  the  zireonia,  which  may  be  identified  iu  the  solution,  whilst 
the  titanic  acid  remains  undissolved. 

*  When  titanic  add  u  combined  with  other  bases,  which  are 
soluble  in  a  solution  of  potash, — for  example,  with  alumina  or 
glucina, — the  separation  may  be  attempted  by  this  process  ;  but 
if  the  bases  are  insoluble  in  the  solution  ofpotash,  the  separation 
of  titanic  acid  must  be  tried  by  boiling. 

*  When  both  titanic  add  and  silicic  add  are  conjointly  met 
with,  combined  with  bases,  the  substance  should  be  reduced  to 
exceedingly  line  powder,  and  digested  with  mnriatle  acid  in  a 
closed  vessel.  The  titanic  acid  combined  with  the  base  dis- 
solves, and  the  silicic  add  remains  undinolved.   The  digestion 
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most  be  effected  iu  the  cold  or  ouly  at  a  xevy  gentle  heat^  so  as  to 
avoid  the  Beparation  of  the  titanic  acid  disaolyed  by  the  muriatic 
acid ;  for  if  the  titanic  add  has  once  separated  it,  it  is  impoaaible^ 
as  we  have  said,  to  re-dissolye  it  in  any  excess  of  muriatic  acid. 

The  silicic  acid  is  separated  by  filtering:,  washed  mth  cold  water, 
and  it  may  be  recognised  as  such.  As  to  the  titanic  acid  which 
has  dissolved,  it  may  be  separated  from  the  bases. 

*  Before  the  biiOW-fipb,  titanic  acid  and  its  combination  with 
the  bases,  which  do  not  impart  a  colour  to  the  fluxes,  may  be 
recognised;  because,  when  dissolved  in  microcosjuic  salt,  they 
communicate  to  the  glass  produced  by  exposing  them  for  a  long 
time  to  the  action  of  the  interior  flame  a  blue  or  violet  colonr, 
which  does  not  appear  distinctly  except  after  perfect  cooling. 
Some  titaniates  require  a  prolonged  treatment  in  the  interior 
flame  to  impart  this  bluish  tint  to  the  bead  after  cooling.  The 
addition  of  a  little  tin  hastens  the  manifestation  of  the  colour ; 
but  in  all  cases  it  disiq^pears  in  the  exterior  flame*  If  the 
titanic  add  contains  iron,  the  bead  heated  in  the  interior  flame 
becomes  on  cooling  of  a  blood-red  colonr.  Titanic  add  treated 
with  borax  in  the  exterior  flame  produces  a  colourless  glass, 
which  becomes  milky-white  when  heated  again.  Exposed  in 
the  interior  flame  this  bead  awnrnies  a  ydlow  tinge;  bat  by 
a  prolonged  blowing  it  becomes  purple,  or  even  daik  blue, 
after  cooling ;  if  the  titanic  acid  be  in  large  quantity,  when 
this  glass  is  heated  again,  it  becomes  of  a  hght  blue,  and 
resembles  an  enamel.  Several  titaniates^  such  as  sphene,  for 
example,  do  not  yield  a  blue  glass  by  treatment  with  borax  in 
the  interior  of  the  flame ;  but  with  microcosmic  salt  they  do  so. 
With  soda,  titanic  acid  fuses  with  effervescence  upon  charcoal, 
and  produces  a  yellow  glass,  which  becomes  greyish-white  and 
opaque  on  cooling. 

*  The  properties  of  giving  a  blue  or  purple  colour  with 
microoosmie  salt  in  the  interior  flame  only,  prevents  titanic 
acid  from  beiug  confounded  with  the  oxyde  of  manganese,  which 
assumes  the  blue  or  purple  colour  only  in  the  exterior  flame, 
and  with  oxyde  of  cobalt,  which  takes  that  hue  both  iu  the 
exterior  and  in  the  interior  flame. 
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*  Titanic  acid  is  very  well  (lLstiii«(inslic(l  from  other  sub- 
stances, because  it  is  precipitated  from  its  acid  solutioiis  by 
boiling,  after  which  it  is  almost  insoluble  in  muriatic  acid; 
because  zinc  gives  a  blue  colour  both  to  its  solutions  and  to 
its  precipitate;  but  the  most  distinctive  test  is  the  blow-pipe. 

*  The  presence  of  non-volatile  organic  substances,  more 
especially  of  tartaric  add,  completely  prevents  titanic  add  firom 
bdng  predpitated  by  alkalies  firom  its  combinations  in  muriatic 
add.  Nor  can  it  be  predpitated  by  boiling  from  such  solu- 
tions, whether  thev  be  acid  or  Avith  excess  of  alkiJi.  \Vh(jn  to 
a  solution  of  titanic  acid  in  muriatic  acid,  tartaric  add  is  first 
added,  then  an  excess  of  ammonia,  infusion  of  galls  produces 
in  the  liquor  a  predpitate,  which  instead  of  being  orange- 
yellow,  is  of  a  dirty  deep  green,  which  requires  a  very  long 
time  for  settling. 

IS.  AaDS  OF  ANTIMONY. 
1*.  ANTIMONIC  ACID,  SbO«. 

(Acidc  Aniinnjiiiqui.) 

PuEE  antimonic  acid  is  yellow^  but  the  hydrate  is  white. 
When  heated  to  redness,  it  loses  part  of  its  oxygen,  is  con- 
verted mto  antimonious  add,  and  becomes  white.  Wherefore, 

when  the  hydriitc  is  heated,  it  at  lirst  becomes  ycUuw  because 
it  becomes  anhydrous;  but  by  a  stronger  heat  it  loses  oxygen 
and  becomes  white.  It  is  owing  to  this  decomposition  that  when 
antimonic  add  is  exposed  to  a  red  heat,  in  a  glass  tube  dosed  at 
one  end,  and  the  other  extremity  of  wluch  is  drawn  into  a  long 
point,  if  a  glowing  splinter  be  brought  to  the  apertiue,  it  is 
immediately  kindled,  and  continues  to  burn  vividly.  Antimonic 
add  cannot  be  wholly  converted  into  antimonious  acid  in  a 
small  glass  retort ;  for  after  having  been  thus  caldned,  one  may 
as  yet  perceive  in  the  centre,  portions  which  are  yellow,  and 
which  disappear  after  ignition  in  a  platinum  crucible. 

*  Hydrated  antimonic  acid  is  insoluble  in  water,  but  it  is 
soluble,  though  with  difficulty,  in  concentrated  muriatic  add, 
with  the  hdp  of  heat.   The  solution  becomes  turbid  by  addition 
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of  water  J  if  a  larjrc  quiiutity  ui  water  be  at  once  poured 
in,  there  is  not  at  first  much  turbidness  produced,  but  after 
some  time,  a  white  precipitate  is  formed,  which  is  quite  as 
abondant  as  if  the  water  had  been  gradually  added Anti- 
monic  add  and  its  hydrate  are  insoluble  in  nitric  acid. 

*  '\!^^len  antiniouic  acid  is  fused  with  the  fixed  alkaiiuc 
carbonates,  carbonic  acid  is  disengaged. 

*  Not  only  the  hydrate,  but  even  the  anhydrous  antimonic 
acid  strongly  reddens  moistened  litmus  paper. 

*  Antimonic  acid  forms  with  all  bases  salts,  which  are  either 
insoluble,  or  sparingly  soluble.  Its  combinations,  even  with 
the  alkalies,  are  not  very  soluble. 

When  a  solution  of  carbonatb  Of  fotasr  is  poured  upon 
hydrated  antimonic  acid,  the  potash  unites  with  the  acid,  but 
the  resulting  combination  is  not  entirely  soluble,  even  by  the 
addition  of  much  alkali  and  of  much  water.  The  same  thing 
occurs  when  a  solution  of  pure  potash  is  used.  Solutions  of 
POTASH,  of  AMMONIA,  of  CARBONATE  ov  POTASH,  and  especially 
of  BiCAEBONATB  OP  POTASH,  producc  also  in  muriatic  add 
solutions  of  antimonic  add  white  precipitafcs,  a  great  portion 
of  which,  though  not  all,  dissolves  in  an  excess  of  the  rc-agent. 
The  precipitate  thus  formed  is  best  and  completely  re-dissolved 
by  an  excess  of  solution  of  pure  potash.  The  solution  of  anti- 
monic add  in  potash  may  be  diluted  with  water  without 
beooming  turbid.  Dilute  muriatic  add,  and  nearly  all  other 
acids,  even  a  current  of  carlxmic  acid  gas,  precipitate  antimonic 
acid  therefrom  in  the  state  of  a  hydrate. 

*  When  antimonic  add  is  fused  with  pure  potash  or  carbonaie 
qf  potoMh,  and  the  fused  mass  is  treated  by  water,  part  of  the 
combination  of  the  antimonic  add  with  the  potash  remains 
undissolved,  ^^  hilst  the  other  portion  is  taken  up.  Tliis  solu- 
tion behaves  with  acids  like  a  solution  of  hydrated  antimonic 
add  in  potash.  According  to  Berzelius,  the  portion  dissolved 
In  the  water  is  a  basic  antimoniate  of  potash,  whilst  the  insoluble 

*  It  often  occurs  that  the  solution  remains  limpi<l.  This  character  diHtinguisheS 
it  from  nTitimonioiu  Acid,  which  is  always  rendered  immedifttely  turbid  by  such 
treatmeut — Ed. 
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poition  is  an  acid  antimoniate  of  potash.  The  compound 
which  dilute  acids  precipitate  from  a  potash  solution  of  anti- 
monic  add  ia  likewise  an  acid  antimoniate  of  potash.  When 
antimonj  or  sulphufet  of  antimony  is  deflagrated  with  an 
excess  of  nitrate  of  potash^  and  the  residaiun  treated  by  water, 
the  same  combinations  are  formed. 

*  Most  of  the  conibinations  of  antimonic  acid  with  the  bases 
are  decomposed  by  nitric  acid,  which  dissolves  the  base  and 
leaves  the  antimonic  add.  But  generally,  when  the  anti- 
moniates  have  been  ignited^  which  operation  is  often  accom- 
panied with  a  disengagement  of  light they  can  no  longer  be 
decomposed  by  acids. 

*  The  most  distinctive  character  of  antimonic  acid  is,  that 
suLPHVKBTTaD  HTDBooBN,  dther  in  aqueous  solution  or  in  the 
gaseous  state,  produces  in  its  muriatic  add  solution  an  orange- 
yellow  precipitate,  which  has  a  hue  suffidently  characteristic  to 
distinguish  it  from  that  produced  by  the  same  re-agent  in  the  acid 
solution  of  oxyde  of  antimony.  Hydrosulphubet  op  ammonia 
easily  dissolves  this  predpitate,  which  however  re-appears  by 
adding  a  dilute  add;  but  then  it  has  a  lighter  colour  than 
before,  and  often  it  appears  quite  yellow,  when  a  large  quan- 
tity of  sulplua\,  arising  from  the  decomposition  of  the  hydro- 
sulphuret  of  ammonia,  has  been  precipitated  at  the  same  time. 

*  A  bar  of  metallic  zinc  plunged  in  a  muriatic  solution  of 
antimonic  add  predpitates  antimony,  though  incompletdy, 
under  the  form  of  a  blade  powder. 

*  Before  the  blow-pipe  antimonic  acid  behaves  like  anti' 
monions  acid,  into  which  the  first  action  of  heat  converts  it. 

*  The  orange-yellow  precipitate  produced  by  sulphuretted 
hydrogen  in  the  add  solutions  of  antimonic  add  easily  dis- 
tinguishes it,  and  predudea  the  possibiKty  of  confounding  it 
with  any  other  substance,  except,  perhaps,  other  degrees  of 
oxydisation  of  antimony.     1  shall  point  out,  in  treating  of 

t  With  Mrthnoniittea  of  copper,  of  zinc,  and  of  eobdt  espodaUj,  a  low  red  heat  k 
iftni  wiffii  fn  prodnrnthiiplMnniiifinnn^  irhioli,  thmiflhTiummliltiig  il,  iBBoCatrao 
conibuitfan,  since  the  weight  of  the  suhetMioe  moaSm  mialtored.  Hie  mne 
phenonmioii  has  been  notieed  whilet  trcsting  of  ddorio  Mid  end  of  BMonfaw— Ed. 
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aDtimonious  acid,  bow  it  may  be  distinguithed  from  such  other 

compounds. 

Non-volatile  organic  substances^  especiaUy  tartaric  acid, 
prevent  the  muriatic  solution  of  antimonic  add  from  being 
predpitated  by  water,  by  the  piue  and  the  carbonated  alkalies. 
Bnt  their  presence  does  not  hinder  the  prodnction  of  the  orange- 
yellow  precipitate  by  sulphuretted  hydrogen. 

2*.  ANTIHONIOUS  ACID,  SbO,. 
(Aekte  AntrntmUewe), 

*  Pure  nntimonious  acid  is  white.  It  takes,  however,  a 
&int  yellow  tinge  when  heated,  but  this  tinge  vanishes  by 
cooling,  and  the  mass  again  becomes  white.  It  may  be 
ignited  both  in  dosed  or  in  open  vessds,  without  being  fused, 
or  otherwise  altered  or  volatilised.  Hydrated  antimonious 
acid  is  white  also. 

*  Antimonious  acid  and  its  hydrate  are  insoluble  in  water ; 
soluble,  but  with  difficulty,  in  muriatic  add,  with  the  help  of 
heat.*-  This  solution,  Hke  that  of  antimonic  add,  becomes 
turbid  when  water  is  added  \  Antimonious  add  is  insoluble 
in  nitric  acid. 

*  In  the  dry  way,  antimonious  acid  expels  carbonic  add 
from  the  fixed  alkaline  carbonates,  with  which  it  is  fused. 

*  Ignited  as  well  as  hydrated  antimonious  add  reddens 
Htmus  paper,  when,  after  bdng  spread  upon  it,  they  are 
moistened  with  water. 

*  Antimonious  add  forms,  with  the  bases,  combinations 
which  have  much  resemblance  with  those  produced  by  anti- 
monic add.  Wherefbret,  the  muriatic  add  solution  of  antimo- 
nious add  behaves  with  solutions  of  furb  and  carbonated 
ALKALIES  like  tiiat  of  antimonic  aeul  in  iiuinatic  acid.  Anti- 
monitcs,  like  antimoniatcs,  are  decomposed  by  nitric  acid, 
which  dissolves  the  base  and  leaves  the  antimonious  acid. 
When,  however,  these  salts  have  been  ignited,  an  operation 
whidi  is  often  accompanied  by  a  disengagement  of  light  sunilar 

>  8m  noto^  page  301. 
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to  that  obserred  during  the  ig^nition  of  the  antimoniates,  they 
are  no  louj^^ci  decomposable  by  nitric  ficid.  The  ulkalinc  anti- 
monitcs  do  not  exhibit  this  phenomenon  during  their  ignition^ 
and  they  are  decomposable  by  acidg,  even  after  ignition 

*  Sohitiou  of  SULPHURETTED  HTBROGBN  OT  a  conent  of  this 
gas  produces,  in  the  muriatic  add  solution  of  antimonious  acid, 
a  precipitate  whicli  has  the  same  colour  as  that  produced  by  the 
same  re-agent  in  the  muriatic  acid  solution  of  antimonic  acid. 

*  Htdbosulphubbt  of  ammonia  behaves  with  antimonious 
as  with  antimonic  acid. 

*  The  reaction  of  metallic  zinc  likewise  is  the  same. 

*  When  antimonious  acid  is  heated  in  the  interior  flame  of 
the  BLOW-PIPE  upon  charcoal,  it  (the  charcoal)  becomes  covered 
with  a  white  fur^  but  the  metallic  antimony  docs  not  appear 
unless  the  antimonious  acid  be  mixed  with  soda*. 

*  The  orange-yellow  precipitate  which  sulphuretted  hydrogen 
produces  in  acid  solutions  of  antimonious  acid  distinguishes  it 
from  all  other  substances ;  oxyde  of  antimony  and  antimonic 
acid  excepted.  In  the  ])ure  state  antimonious  acid  differa  from 
oxyde  of  antimony  not  only  by  being  less  soluble  in  muriatic 
add,  but  also  and  especially  because,  when  exposed  to  heat,  it 
is  neither  fused  nor  volatilised.  It  is  distinguished  firom  anti- 
monic acid  by  its  white  colour,  and  because  it  docs  not  yield 
oxygen  gas  when  ignited  in  a  small  retort. 

*  It  is  more  difficult  to  distinguish  antimonitcs  fiDom  antimo- 
niates.  It  is  necessary  to  decompose  them  by  muriatic  add, 
or  in  the  cold,  by  nitric  add,  an  operation  during  which  the 
base  ordinarily  dissolves  in  the  acid,  and  the  operator  next 
examines  whether  the  remaining  acid,  being  hrst  dried,  fields 
osygen  gas  or  not,  by  igniting  it  in  a  small  retort.  Tet  when 
antimonitcs  have  been  ignited  so  that  they  are  no  longer 
decomposable  by  adds,  it  is  still  more  difficult  to  know  whether 

>  This  phenomenon  Beoma  to  be  dflpendant  upon  thepaiMft^frmn  ^?«ftTT*i>rii»rt>tft 
to  another,  Oint  1b  to  aagr,  Ihe  paaaige  of  the  aohible  aeid  into  the  ineohihie  modififie. 

<k)n. — Ed. 

'  The  metal  cannot  bo  obtained  in  gb-luilos  witliout  soda,  because  the  metal  so 
reduced  in  the  interior  flame  is  immediately  volatilised  as  fast  as  it  is  redttoed^Eo. 
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thsy  contain  antimoniooa  or  antimonic  acid.  It  is  necessary  to 
foae  them  in  a  siiver  crucible  with  an  excess  of  hydrate  of 
potash^  to  treat  the  fused  mass  by  water,  and  an  acid  being 

added  in  order  to  decompoae  the  salt  of  potash  thus  dissolved, 
to  examine  \vliether  this  acid  has  precipitated  antimouious  or 
antimonic  acid. 

*  Non-YoUtile  oboanic  substances,  especially  tartaric  add, 
present  water  and  alkalies  from  precipitating  antimonions  acid 
from  its  solution  in  muriatic  acid,  precisely  as  is  the  case  with 
the  muriatic  acid  solution  of  antimonic  acid :  but  thev  do  not 
prevent  the  production  of  the  orange-yellow  precipitate  by 
sulphuretted  hydrogen.  When  a  solution  of  tartaric  acid  is 
mixed  with  a  muriatic  acid  solution  of  antimonious  and  of 
antimonic  acid,  and  the  mixture  evaporated,  a  jelly  is  obtained 
on  cooling,  but  no  crystals  of  tartar  emetic,  as  is  tlic  case  wlicn, 
after  having  dissolved  in  muriatic  acid  even  a  very  minute 
quantify  of  oxyde  of  antimony,  or  of  a  body  containing  oxyde 
of  antimony,  a  solution  of  tartaric  add  is  mixed  with  the 
liquor,  and  the  whole  evaporated  at  a  gentle  heat.  By  this 
character  oxyde  of  antimony  may  be  easily  distinguished  from 
antimonious  and  antimonic  add. 


*  The  French  edition  has  the  following  addition  by 
E.  Peligot 

All  the  combinations  of  antimony  which  are  soluble  in  water 
or  in  acid  disengage  antimonicttcd  hydrogen  when  in  contact 
with  nascent  hydrogen.  This  gas  is  decomposable  by  heat,  and 
produces  metallic  antimony  in  an  extreme  state  of  division,  by 
imperfect  combustion  in  the  air*  In  treating  of  arseniuretted 
hydrogen,  with  which  antimonietted  hydrogen  might  be 
confounded,  the  distinctive  properties  of  this  gas  will  be 
indicated. — P. 
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U.  MOLYBDIC  ACID,  MoO.. 

*  MoLYRDic  acid  eitlicr  forms  a  white  mass,  or  else  acicular 
crystals  of  a  silky  lustre.  Heated  in  close  vessels,  it  fuses  and 
is  resolved  into  a  yellow  liquid,  which  after  cooling  is  of  a  light- 
yellow  colour  and  crystalline  appeasmnce.  Heated  in  the  open 
air,  it  imokes  and  rablimes  at  even  a  moderate  temperature ; 
ihe  sublimed  acid  forms  long  shining  crystals  or  spangles. 

*  Moly))dic  acid  is  very  sparingly  soluble  in  water'.  The 
aqueous  solution  feebly  reddens  litmuB  paper.  When  the  acid 
is  spread  upon  litmus  paper  and  moistened  tiieieon,  the  paper  is 
strongly  reddened. 

*  Molybdic  acid  is  very  soluble  in  solutions  of  pure  alkalies 
and  of  ALKALINE  CARBONATES ;  uut  in  the  latter  carbonic  acid 
is  disengaged  with  effervescence.  Its  combinations  with  the 
earths  and  metallic  oxydes  are  either  sparingly  soluble  or 
insoluble;  wherefore  the  neutral  oomponnds  of  earthy  salts 
produce  precipitates  in  those  of  the  niolybdates  of  alkalies. 
This  effect  is  produced  even  in  acid  solutions  of  molybdates  of 
alkalies,  in  which  a  solution  of  nitrate  of  lead  determines  a 
white  precipitate^  and  a  solution  of  subnitrate  op  mercury  an 
immediate  yeUowish  precipitate,  insoluble  in  a  large  quantity  of 
water,  but  soluble  in  a  sufficient  quantity  of  nitric  acid. 

*  A  neutral  solution  of  a  persalt  of  iron  produces  in  these 
solutions  a  yellowish  precipitate  soluble  in  a  large  quantity  of 
water. 

*  A  solution  of  nitrate  or  silver  produces  a  white  precipitate 

soluble  in  a  large  excess  of  water,  but  more  soluble  still  in  nitric 
acid  and  in  ammonia. 

*  The  precipitates  which  chloride  of  barium  or  chloride 
or  CALCiirif  produce  in  solutions  of  the  acid  molybdates  of 
alkalies  are  white,  and  soluble  in  a  large  quantity  of  water, 
especially  the  precipitate  produced  by  cldoride  of  calciiun.  If, 

>  570  parte  of  water  diMalve  only  1  of  molybdie  acid.— Ed. 
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kowevefT^  a  little  ammonia  be  poured  in  these  solutions,  so  as  to 
saturate  the  free  acid,  a  turhidness  and  a  precipitate  arc  produoedi 

insoluble  in  any  excess  of  water.  These  precipitates  are  soluble 
in  a  sufficient  quantity  of  nitric  or  of  muriatic  acid. 

*  Muriatic  acid  or  nitric  acid  produce  in  solutions  of 
molybdates  of  alkaHes,  when  not  too  dilute,  white  precipitates 
which  are  soluble  in  an  excess  of  acid^  even  m  a  larg^e  quantity 
of  water  j  consequently,  when  the  sohitioii  of  the  moh  bdate  of 
alkali  is  veiy  dilute,  the  above-named  acids  form  no  precipitate. 
Oxalic,  taktamc,  acbtic,  and  sulphuric  acids  produce  no 
precipitate  even  in  pretty  concentrated  solutions  of  molybdates 
of  alkalies ;  often,  however,  muriatic  acid  produces  in  these 
sohitions  a  precipitate  which  is  re-dissolved  by  an  excess  of  oxahc 
or  of  tartaric  acid. 

*  Molybdic  acid  itself  is  easily  dissolved  by  acids,  but  it 
generally  possesses  this  property  only  when  it  has  not  been 
heated  to  incipient  fusion.  After  ignition  it  is  insoluble  in 
most  acids,  but  the  acid  tartrate  of  potash  dissolves  tlic  fused 
molybdic  acid  when  boiled  in  water  in  conjunction  with  it. 

*  When  a  solution  of  fbbrocyakubst  of  potassium  is  mixed 
with  solution  of  molybdic  add  in  muriatic  acid,  or  with  the 
aqueous  solutions  of  the  molybdates  to  which  a  free  acid  has 
been  added,  and  preferably  muriatic  acid,  a  brownish-red  preci- 
pitate is  formed,  soluble  in  ammonia,  with  which  it  produces  a 
slightly-coloured  liquid. 

*  Solutions  of  VERRiCYANURKT  OF  POTASSIUM  determine  like- 
wise a  brownish-red  precipitate  having  a  lighter  tinge,  which  also 
gives  a  slightly-coloured  solution  with  an  excess  of  ammonia. 

*  The  aqueous  solution  of  sulphurbtted  hydrogen 
poured  in  that  of  molybdic  acid,  and  that  of  the  molyb- 
dates to  which  muriatic  acid  has  been  added,  produces  a 
brown  precipitate  of  sulphuret  of  molybdenum,  and  the  super- 
natant liquid  is  green.  If  the  molybdic  acid  is  in  very  small 
quantity,  the  solution  of  sulphuretted  hydrogen  in  excess 
produces  only  a  green  liquid,  in  which  a  brown  precipitate  is 
formed  alter  long  standing,  but  more  rapidly  by  application  of 

x2 


uiyui^ed  by  Google 


308 


M OLTBDIC  ACID. 


heat,  a  drcumstance  which  takes  place  also  if  the  solution 
contams  macli  molybdic  add.  A  conrent  of  sulthurbttbd 
HTDROOEN  Bcts  in  the  iame  maimer  when  pasted  through  the 

liquor  long  cnou^li  tu  saturate  it  completely.  It  is,  however, 
very  difficult  to  precipitate  Jill  the  molybdenum  in  the  state  of 
brown  sulphuret  so  that  the  liquid  filtered  therefrom  be  perfectly 
oolonrleas.  Ordinarily  it  has  a  fiiint  greenish  or  bluish  oolour,  or 
contains  still  slight  traces  of  molybdenum.  When^  on  the 
coutrarj',  to  a  solution  of  molybdic  acid  or  of  an  alkaline 
molybdute  a  very  small  quantity  only  of  aqueous  solution  of 
sulphuretted  hydrogen  is  added,  so  that  the  Hquor  docs  not 
smell  of  the  gas^  a  blue  liquid  is  obtained ;  by  a  larger  addition 
of  aqueous  solution  of  sulphuretted  hydrogen,  the  liquor,  besides 
being  blue,  yields  a  Ijrown  precipitate;  it  is  only  when  an  excess 
of  solution  of  sulphuretted  hydrogen  has  been  employed  that 
the  phenomena  above  related  are  produced.  An  excess  of 
aqueous  solution  of  sulphuretted  hydrogen  produces  no  preci* 
pitate  in  acid  molybdates  of  alkalies ;  the  liquor  only  becomes 
of  u  golden-yellow  colour.  The  precipitation  of  the  sulphuret  of 
molybdenum  takes  place  only  when  muriatic  acid  is  added. 

llYDRosuLPHiraBT  OP  AMMONIA  poured  in  solutions  of 
molybdates  of  alkalies,  at  first  produces  no  change,  but  after 
some  time,  the  liquor  becomes  of  a  golden-yellow  colour.  The 
diluted  acids  produce  therein  a  browu  precipitate  of  sulphuret 
of  molybdenum. 

*  The  molybdates  of  alkalies  ignited  with  sal  ammoniac^ 
produce  a  blackish-brown  oxyde  of  molybdenum,  which,  how- 
ever, may  often  contain  metallic  molybdenum  (page  189.) 

*  A  bar  of  metallic  zinc  plunged  in  a  muriatic  acid  solution 
of  molybdic  acid,  or  iji  the  solution  of  a  molybilate  of  alkali  to 
vhich  an  excess  of  muriatic  acid  has  been  added,  reduces  the 
molybdic  acid  to  the  state  of  molybdous  oxyde,  which  remains 
dissolved  in  the  muriatic  add,  owing  to  which  the  liquor  assumes 
u  deep  blackisli-bio>m  colour. 

*  The  reduction  of  molybdic  acid  into  molybdous  oxyde  is  not 
suddenly  effected  j  wherefore  the  first  action  of  the  sine  upon 
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the  litjuor  is  to  render  it  blue,  then  greeu,  and  lastly  of  a  very 
dark-brown  colour. 

*  Tin  behaves  in  the  same  manner. 

^  pROTOCHLORins  OF  TIN  poured  in  the  solution  of  a  molyb- 

datc  of  alkidi,  produces  an  immediate  bluish-green  precipitate 
which  dissolves  in  muriatic  acid^  and  which  thus  forms  a  limpid 
green  liquid.  . 

*  When^  after  having  added  mnriatic  acid  to  the  solution  of  a 
molybdate  of  alkali,  it  is  boiled  with  molybdenum,  molybdous 

or  molybdic  oxydc,  u  litjuid  of  a  fine  {l(>cp-))hic  colour  is  obtained, 
which  is  a  solution  of  molybdate  of  dcutoxydc  of  molybdenum 
in  mnriatic  acid.  The  easiest  way  to  obtain  this  blue  liquor 
with  the  solution  of  a  molybdate  of  alkali,  consists  in  pouring 
an  excess  of  muriatic  acid  in  the  latter  solution,  and  in  plunging 
a  bar  of  zinc  or  of  tin  in  a  small  quantity  of  the  liquid.  After 
having  withdrawn  the  metallic  bar,  the  solution  containing  the 
deep  brownish-black  protozyde  of  molybdenum,  is  to  be  mixed 
with  the  portion  of  the  molybdate  of  alkali  which  has  not  been 
reduced.  If  there  has  not  been  sufficient  muriatic  acid,  the 
liquor  will  not  only  be  blue,  but  a  precipitate  of  the  same 
colour  will  be  obtained  also.  By  boiling  the  liquor  with  solu- 
tion of  potash,  the  blue  liquor  disappears,  a  dark-brown  precipi- 
tate cf  deutoxyde  of  molybdenum  is  deposited,  and  the  alkali 
combines  with  the  molybdic  acid. 

*  Before  the  blow-pipe,  molybdic  acid  behaves  towju'ds 
microcosmic  salt  and  borax  like  protoxyde  of  molybdenum 
(page  188.) 

*  The  behaviour  of  solutions  of  molybdic  acid  towards  muri- 
atic acid  and  nitric  acid  solutions,  and  the  reaction  of  sul- 
phuretted hydrogen  in  acid  solutions,  the  blue  liquor  produced 
in  the  manner  above  mentioned,  and  the  phenomena  produced 
by  the  blow-pipe,  render  it  easy  to  detect  molybdic  acid  in  its 
soluble  compounds,  and  preclude  the  possibility  of  confounding 
it  with  any  other  substance. 

*  As  to  its  combinations  with  most  metallic  oxydes,  it  may 
be  separated  by  converting  these  metallic  oxydes  into  insoluble 
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metallic  sulpliurcts  by  dissolving  tlic  compounds  in  acids, 
saturating  with  ammoiiia^  and  adding  liydrosulphuret  of  ammo- 
nia. The  presence  of  molybdeuiun  may  be  easily  detected  in 
the  solution  by  adding  a  dilate  acid  thereto;  a  sulphnret  of 
molybdenum  is  precipitated  and  collected  on  a  filter ;  the  pre* 
cipitatc  being  dried  and  ignited  in  contact  with  the  air,  the 
sulphur  is  burnt  away,  and  molybdic  acid  formed. 

15.  TUNGSTIC  ACID,  WO,. 

*  TuNGSTic  add  has  a  yellowish  colour,  which  becomes  lemon- 
yellow  by  the  action  of  heat.   It  is  frequently  obtained  under 

the  form  of  a  greenish  powder.  It  is  not  volatilisablc  by  heat, 
nor  soluble  in  water.  When  moistened  and  placed  upon  blue 
litmus  paper,  it  very  distinctly  reddens  it.  Acids  do  not  dis- 
solve  it. 

*  With  alkalies  tungstic  acid  forms  salts  which  are  soluble 
in  water.  After  ignition  it  is  soluble  in  the  solutions  of  pure 
alkalies  and  of  alkjUiue  cai'bonatea;  the  solution,  however,  is 
effected  with  difficulty,  even  with  the  help  of  heat ;  at  least  it 
is  much  more  difficultly  soluble  than  ignited  molybdic  add. 
When  tungstic  add  is  treated  by  solutions  of  alkaline  carbonates, 
there  is  a  disengagement  of  carbonic  acid  gas,  but  the  etierves- 
ccnce  is  not  readily  observable. 

*  Many  acids  produce  predpitates  in  solutions  of  tungstates 
of  alkalies ;  muriatic,  nitric,  and  sulphuric  acios  produce 
white  precipitates.  The  precipitates  produced  by  muriatic  and 
nitric  acids  acquire  a  yellowish  colour  shortly  after  being 
deposited,  and  more  rapidly  still  with  the  help  of  heat ;  but^the 
predpitate  produced  by  sulphuric  add  remains  white  a  longer 
time,  and  becomes  less  yellow  when  heated.  These  predpitates 
are  not  soluble  in  an  excess  of  the  add  which  formed  them, 
which  character  distinguishes  them  from  those  which  acids  pro- 
duce in  molybdates  of  alkalies.  None  of  the  three  acids  just 
named  completdy  predpitate  tungstic  acid.  Phosphoric  acid 
produces  in  solutions  of  tungstates  of  alkalies  a  precipitate  which 
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i:i  soluble  in  an  excess  of  the  rc-agent.  Oxalic  acid  and  some 
other  non-volatile  organic  acids,  such  as  tartaric  and  citric 
ACID,  form  no  precipitates;  acetic  acid,  oil  the  contrary, 
prodnoes  a  precipitate  which  is  innohible  in  an  excen  of  the 
re-agent^  and  which  time  does  not  render  yellow. 

*  All  the  combinations  of  tungstic  acid  witli  the  earths  and 
the  metallic  oxydcs  appear  to  be  insoluble  in  water,  except, 
perhaps,  hmg$UUe  qf  magnum^  i  wherefore  the  solutions  of 
earthy  and  metallie  salts  prodnce  precipitates  in  those  of  tnng- 
states  of  alkalies.  The  solutions  of  chlobidb  or  babium,  chlo- 

BIDE  OF  CALCIUM,  NITRATE  OF  LEAD,  NITRATE  OF  SILVER,  pi'oduce 

white  precipitates  which  arc  not  soluble  in  a  large  quantity  of 
water.  The  oomhinations  of  tungstic  add  are  decomposed  hy 
nitric  add,  or  hy  other  adds ;  the  base  dissolyes,  whilst  the 

tnngstic  add  separates,  but  not  completely.  Several  of  these 
combinations  of  tungstic  acid  are  only  incompletely  decomposed 
by  adds.  The  best  method  of  effecting  their  complete  decom- 
podtion,  when  the  base  is  insoluble  in  alkaline  carbonates,  con- 
sists in  fusing  the  tnngstate  with  about  three  parts  of  carbonate 
of  potash  or  of  soda,  in  a  platinum  cmdble ;  if  the  fused  mass 
be  now  treated  by  a\  .iter,  the  base  remains  undissolved,  whilst 
the  alkahne  tungstate  produced  is  taken  up ;  it  is  then  easy  to 
recognise  the  existence  of  tungstic  add  in  the  solution. 

*  The  solution  of  sulphubbttbo  hydboobn  scarcely  creates 
a  cloudiness  in  that  of  the  tungstates  of  alkalies  in  some  acids ; 
for  example^  in  phosphoric  acid. 

*  Utdbosulphuret  of  ammonia  does  not  at  first  produce 
any  change  in  the  solutions  of  a  tnngstate  of  alkali,  but  if  dilute 
muriatic  add  be  added,  a  light-brownish  predpitate  of  per- 
sulplmret  of  tungsten  is  formed,  the  colour  of  which  is  clearly 
seen  only  when  the  whole  has  been  at  rest  for  some  time. 

When  the  solution  of  a  tnngstate  of  alkali  is  supersaturated 
by  an  add,  if  a  bar  of  mbtallic  sinc  be  plunged  dther  in  the 
predpitate  which  is  thus  produced,  but  without  separating  it 


•  n<  r/*'liua  says,  that  tungstato  of  matnicsia  ia  caHtly  sohiblo  in  water,  and 
a'yiilaliiscD  in  ahiuing  spangles  unalterable  iu  U>c  air. — £o. 


Digitized  by  Google 


312  VANADIC  ACID. 

from  tlie  liquor^  or  in  the  solution,  if  the  acid  has  re-dissolved 

the  precipitate,  a  fine  blue  colour  of  tiingstatc  of  oxyde  is  pro- 
duced. Zinc  produces  a  finer  blue  colour  in  the  sulutiou  of  a 
tungstate  of  alkali  in  an  excess  of  phosphoric  acid^  or  in  the 
precipitate  produced  by  acetic  acid^  than  in  the  precipitate 
formed  by  sulphuric  or  muriatic  acid.  A  bar  of  metallic  sine 
produces  uo  blue  colour  in  the  precipitate  which  sulphuric  acid 
has  produced  in  the  solution  of  a  tungstate  of  alkali,  nor  iu  the 
tartaric  or  citric  add  solutions  of  tungstates  of  alkalies^  but  the 
blue  colour  is  produced  in  the  solution  of  these  salts  in  oxalic  add. 

*  Before  the  blow-pipe  tungstic  add  behayes  like  oxyde  of 
tungsten  (page  102). 

*  The  behaviour  of  tungstic  acid  before  the  blow -pipe,  and 
the  reactions  which  its  compounds  produce  with  adds  and  with 
due,  do  not  allow  of  its  being  confounded  with  other  substances, 
except  titanic  acid  only ;  but  it  is  distinguished  from  the  latter 
acid  by  the  solubility  in  water  of  its  combinations  with  alkalies 
and  by  the  behaviour  of  its  solutions  towards  adds. 

16.  VANADIC  ACID,  VO,. 
{JkeUk  FaiMif«2iie>) 

*  Vanabic  add,  obtained  by  heating  vanadiate  of  ammonia  in 

the  air,  forms,  according  to  Berzclius,  a  powder  which,  follow- 
ing its  degree  of  division,  is  of  a  brick-redj  or  of  a  rusty  colour; 
the  more  it  is  tritorated  the  lighter  the  colour  becomes.  At  an 
indpient  red  heat  it  fuses  without  decompodtion,  if  the  presence 
of  bodies  which  might  reduce  it  is  avoided.  On  cooling  it  forms 
a  mass  of  aggregated  crystals.  So  mui^h  caloric  is  liberated 
during  this  crystallisation^  that  the  mass  which  had  cooled  below 
redness  becomes  luminous  again.  The  mass  is  very  shining^  of 
a  red  colour^  inclining  to  orange,  and  the  thin  edges  are  trans- 
lucid.  When  vanadic  acid  is  fused  before  complete  oxydisation, 
and  consequently  when  it  contains  still  some  oxyde  of  vanadium, 
it  does  not  crystallise,  but  at  the  instant  of  its  solidification 

*  The  alk«aiie  tilaiwteB  «M  alnuMt  ioMbble  in 
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it  produces  excrescences  like  those  of  a  cauliflower,  and  after 
cooling  the  mass  is  black.  This  acid  presents  also  the  same 
plienomenon  when  it  oontaiiis  metallic  oxydes.  A  Yery  minute 
quantity  of  oagrde  of  vanadium  does  not  hinder  the  crystalliBa- 
tion,  but  the  Mtlidified  num  has  a  darker  oolour,  ineUning 
to  violet. 

*  Yanadic  acid  is  not  volatile  ;  it  is  very  sparingly  soluble  in 
water,  owing  to  which  the  solution  has  no  taste.  The  add,  how* 
ever,  reddens  the  moistened  litmus  paper  on  which  it  is  placed. 
Reduced  to  powder  and  mixed  with  water,  it  remains  suspended 
in  it,  so  as  to  produce  a  kind  of  emulsion  of  a  yelloT^ish  milky 
colour,  which  clears  up  only  veiy  slowly,  as  water  in  which  clay 
has  been  stirred.  In  this  state  of  division  it  has,  after  being 
dried,  a  fine  yellow  colour,  absolutely  like  the  hydrate  of 
{)eroxyde  of  iron,  which  is  formed  under  water  at  tlio  surface  of 
metallic  iron.  The  liquor  produced  has  a  pure  yellow  colour,  is 
tasteless,  reddens  litmus  paper,  and  after  evaporation  to  dryness 
leaves  scaroely  a  thousandth  part  of  its  weight  of  vanadic  add. 

*  Vanadic  acid  is  insoluble  in  pure  alcohol,  but  is  slightly 
soluble  in  aqueous  alcohol.  In  the  humid  way  it  is  easily  reduced 
into  oxyde  of  vanadium,  espedally  when  united  with  another 
add.  £ven  nUrous  acid  is  oxydised  at  its  expense ;  for  when 
red  fuming  nUrie  acid  is  mixed  with  a  solution  of  vanadic  add 
the  liquor  soon  becomes  blue.  Many  metals  reduce  it  to  the 
state  of  oxyde  of  vanadium ;  an  effect  which  is  also  produced  by 
sulphurous,  oxalic,  cUric,  and  tartaric  add,  the  oxysalUqf  scverat 
metdb,  tugar,  aicohol, 

*  Vanadic  add  has  much  anidogy  to  molybdic  and  tungstic 
acids  in  this  sense  :  that  it  acts  as  a  base  towards  the  powerful 
acids,  whilst,  on  the  contrary,  it  behaves  towards  bases  like  a 
strong  add. 

*  The  solntions  of  vanadic  add  in  adds  are  red  or  of  a  lemon* 

yellow  colour,  but  sometimes  also  they  are  colourless.  When 
acids  arc  exactly  saturated  by  vanadic  add,  these  solutions 
become  turbid  by  ebullition  or  evaporation,  and  deposit  pie- 
dpitates  of  a  reddish-brown  colour,  and  which  are  banc  salts. 
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By  long  exposure  to  the  air  these  solutions  often  heoome 

i^radiKilly  f^rctn,  which  may  depend  on  the  dust  flying  about 
in  the  air,  and  by  which  they  are  reduced. 

*  Treated  by  iiueiatic  acid  yanadic  acid  disengages  chlorine, 
wherefore  its  solutions  in  this  concentrated  add  become  green 
after  some  time,  and  dissolve  gold  and  platinum.  The  liquid 
and  volatile  chloride  of  vanadium  has  a  light-yellow  colour,  and 
dissolves  well  in  water^  to  which  it  communicates  a  feeble 
yellowish  tinge;  bnt  in  a  few  days  the  liquor  disengages  chlorine^ 
and  becomes  green,  and  then  blue. 

*  A  solution  of  ferbocyanuret  of  potassium  produces  ui 
solutions  of  vanadic  add  in  acids  a  green  flooculent  precipitate, 
insoluble  in  adds. 

*  HYnRosfTLPHUBBT  OF  AMMONIA  imparts  a  brown  ooburj 
similar  to  that  of  beer,  to  the  solutions  of  vanadic  add ;  if  the 
solution  was  acid  from  the  presence  of  another  acid,  or  if  to  the 
beer-brown  solutions  either  muriatic  or  dilute  sulphuric  acid  be 
added^  a  brown  predpitate  of  sulphuret  of  vanadium,  of  a  lighter 
tinge  than  that  which  is  produced  in  similar  circumstances  in 
solutions  of  oxysalts  of  vanadium.  The  acid  liquor  generally 
becomes  blue  during  this  precipitation The  brown  precipitate 
is  soluble  in  an  excess  of  hydrosulphuret  of  ammonii^  and  also 
in  solutions  of  pure  alkalies,  and  of  alkaline  carbonates. 

*  SuLPHURETTVD  HYDROGEN  produces  in  solutions  of  vanadic 
acid  a  greyish-brown  precipitate,  which  is  simply  a  mixture  of 
hydrate  of  oxyde  of  vanadium  and  of  sulphur. 

*  Infusion  ov  galls  gives  after  some  time  a  bluish^black 
predpitate  in  the  neutral  solutions  of  vanadic  add  in  adds. 

*  Almost  all  the  salts  which  vanadic  acid  forms  with  the  bases 
are  soluble  in  water,  yet  some  of  them  are  very  sparingly  so, 
though  not  altogether  insoluble;  such  are,  for  example,  the 
vanadiates  of  baryta  and  of  lead.  The  vanadiates  of  alkalies 
are  sparingly  soluble,  especially  when  the  water  is  alkaline,  or 
when  it  contains  salts  in  solution.    Vanadiatc  of  ammonia,  for 

'  Tiiih  blue  coluui'  is  due  to  tiic  Uccuinjjobiliuu  of  a  uiuull  (|u&iitil^'  oi  the  ^ulphiu'ct 
of  TODidittin  in  ibe  naMenl  otsto^ — ^Eou 
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example^  is  insoluble  in  a  solution  of  muriate  of  ammonia.  Most 
vmnadiates  are  insoluble  in  alcohoL 

*  The  Tanadiatea  of  a  same  base  may  be  obtained  variously 
coloured,  and  at  several  degrees  of  saturation.  The  acid  vana- 
diates  arc  always  of  an  orangc-rcd  colour;  some  of  them  are 
yellow  only,  which  variation,  however,  is  ordinarily  dependant 
on  the  siae  of  the  crystals,  the  largest  crystals  being  red. 
Some  of  the  neutral  vanadiates  are  either  colourless  or  of  a 
deep  yellow,  which  colour  appears  to  be  the  primary  colour  of 
the  salts,  for  nearly  all  the  bases  yield,  with  vanadic  acid,  neutral 
salts  of  a  more  or  less  pure  ydlow  colour;  yet  some  of  the 
strongest  bases,  namely,  all  the  alkalies,  all  the  alkaline  earths, 
the  oxydes  of  sine,  cadmium,  lead,  and  silver,  give  colourless 
salts  also,  the  ncntrality  of  the  salts  remaining:  unchanged. 
Ordinarily  the  yellow  salt  is  decolorised  by  heat ;  at  a  higher 
temperature,  which  is  yet  below  the  boiling  point  of  water,  it 
rapidly  loses  its  colour  and  becomes  colourless;  this  eflbct  is 
produced  whether  it  be  its  solution  that  is  thus  submitted  to 
heat,  or  a  hquid  in  which  it  is  immersed.  Some  of  the  salts 
likewise  spontaneously  lose  their  colour  without  being  heated, 
when  abandoned  for  some  time,  especially  when  they  contain 
an  excess  of  base, — a  circumstance  which  is  necessary  to  the 
production  of  the  dceoloribiug  plicuomeuon^ — although  this 
excess  be  npt  in  a  state  of  combination  with  the  salt,  and  may 
consist  of  an  alkaline  carbonate,  or  of  a  pure  alkali. 

*  The  vanadiates  have  no  particular  taste  referrible  to  the 
add.  When  they  are  mixed  with  an  acid  they  turn  red,  but 
this  colour  often  disappears  after  some  time. 

*  Like  molybdic  and  tungstic  acid,  vanadic  acid  forms,  with 
deutoxyde  of  vanadium,  comlnnations  which  are  soluble  in  water, 
and  some  of  which  have  a  purple  (ht  red  colour;  others  are  green 
or  orange-yellow.  These  combinations  are  sometimes  produced 
bv  the  oxvdisation  of  dcutoxvde  of  vanadium  in  the  air;  at  otlier 
times  they  result  from  the  immediate  imiou  of  the  acid  with  the 
oxyde  in  the  dry  or  in  the  humid  way. 

*  Before  the  blow-pifb  vanadic  acid  behaves  in  the  following 
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manner : — Alone  upon  charcoal  it  fuses,  and  is  reduced  at  the 
point  where  it  is  in  contact  with  the  charcoal,  into  which  the 
reduced  portion  penetrates  and  is  fixed^  but  the  greatest  part 
remaiiiB  on  the  chaxcoal,  with  the  colour  and  ahining  appearance 
of  graphite,  in  the  state  of  snboxyde  of  vanadium.  Vanadic  add 
dissolves  in  borax  and  niicrocosmic  salt,  iu  the  exterior  flame, 
forming  a  yellow  glass,  which  in  the  interior  flame  becomes  of 
a  fine  green^  similar  to  the  green-coloured  bead  produced  by 
ehxome.  When^  however,  the  colour  of  the  bead  is  intense,  it 
appears  brownish  whilst  it  is  as  yet  hot,  and  the  fine  green 
colour  appears  only  after  cooling.  The  most  distinctive  character 
of  vanadium  from  chrome  before  the  blow-pipe  consists  in  this  : 
that  the  green  bead  produced  by  vanadium  turns  yellow  in  the 
exterior  flame,  and  that  when  the  combination  of  vanadium  is 
not  abundant,  it  may  be  obtained  perfectly  coloui'less.  Vanadic 
acid  fuses  with  soda,  and  penetrates  into  the  charcoal. 

*  Vanadium  has  in  its  combinations  much  analogy  with  the 
corresponding  combinations  of  uranium^  of  molybdenum^ 
tungsten,  and  especially  of  chromium. 

*  Chromium  is  the  substance  with  which  it  is  mure  liable 
to  be  coufouuded.  The  combinations  of  these  two  metals,  when 
treated  before  the  blow-pipe  with  borax,  or  with  microcosmic 
salt,  communicate  to  the  glass  obtained  the  same  green  colour; 
but  they  may,  however,  be  distinguished  firom  each  other  by 
the  characters  wliich  have  been  mentioned  above.  Both  chro- 
mium and  vanadium  produce  acids  of  a  red,  and  salts  of  a 
yellow  colour,  but  the  solutions  of  which  turn  intensely  red 
by  the  addition  of  an  add.  Yet  the  solutions  of  the  chromatea 
of  alkalies  retain  their  colour  when  heated,  whilst  the  solutions 
of  the  vanadiates  of  alkalies  arc  decolorised  when  thus  treated. 
Chromic  add  is  very  soluble  in  water,  and  has  a  strong  add 
flavour;  vanadic  add  is  very  sparingly  soluble  in  water,  unlesa 
it  contains  deutoxyde  of  vanadium,  in  which  case  the  liquor  has 
a  green  colour,  owing  to  the  sparing  solubility  of  vanadic  add 
in  water;  the  solution,  although  of  a  yellow  colour,  is  tasteless. 
Chromic  add  being  exposed  to  a  red  heat  loses  oxygen,  and  is 
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converted  into  oxyde  of  chromium,  which  is  not  the  case  with 

vanadic  acid.  Chromic  oxyde  is  ^een,  and  insoluble  in  alkalies; 
it  does  not  absorb  oxygen  when  exposed  to  a  red  heat,  and  does 
not  dissolve  in  water ;  vanadic  oxyde  is  green  also  when  it  ecu- 
tains  vanadic  add^  bnt  it  is  then  soluble  in  water  and  in 
alkalies ;  and,  besides,  it  absorbs  oxygen  when  exposed  to  a 
red  hunt. 

*  Vanadium  resembles  uranium,  because  there  is  a  green  and 
a  yellow  oxyde  of  uranium ;  and  because  the  behaviour  of  both 
substances  before  the  blow-pipe  is  the  same;  but  the  solutions 
of  the  yellow  sesquioxyde  of  uranium  in  acids,  which  solutions 
arc  yellow,  arc  precipitated  ytlluw  by  the  alkalies;  the  preci- 
pitate does  not  change  colour  when  heated,  which  constitutes 
a  difference  with  vanadic  acid ;  the  latter,  when  mixed  with  an 
excess  of  ammonia^  being  decolorised  by  heat,  and  when  mixed 
with  sal  ammoniac,  depositing  a  white  powder  of  vanadiate 
of  ammonia.  It  is  true  that  the  solutions  of  sesquioxyde 
of  uranium  are  not  precipitated  by  solution  of  carbonate  of 
ammonia,  when  a  great  excess* of  the  latter  is  employed,  but 
they  are  ultimately  precipitated  by  a  prolonged  ebullition,  which 
does  not  happen  to  solution  of  vanadic  acid.  Lastly,  the  solu- 
tions of  pcroxyde  of  uranium  give  a  reddish-brown  precipitate 
with  that  of  ferrocyanuret  of  potassium,  whilst  the  solution  of 
Tanadic  acid  produces  a  green  precipitate  with  this  re-agent. 

*  Molybdenum  has  some  analogy  with  vanadium,  because 
both  can  form  compounds,  the  solutions  of  which  are  blue. 
Yet  the  blue  sohitioiis  which  molybdenum  forms  lose  their 
blue  colour^  and  become  decolorised  when  boiled  with  a  solution 
of  potash,  molybdic  oxyde  being  deposited  at  the  same  time* 
On  the  contrary,  the  alkalies  produce  in  the  blue  solutions  of 
vanadic  oxyde  a  greyish-white  precipitate ;  and  when  there  ia  an 
excess  of  re-agent,  the  supernatant  liquor  is  brown. 

*  Tungsten  also  may  sometimes  produce  solutions  of  a  blue 
colour ;  but  in  other  respects  vanadium  has  not  much  analogy 
with  it,  and  is  sufficiently  distinguished  by  its  bdiaviour  before 
the  blow-pipe. 
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17.  CHROMIC  ACID,  CrO,. 

^  PuRB  cliromic  add  is  a  powder  of  a  brownish-red  colour,  or 
in  tbe  form  of  red,  lanuginous,  bulky  crystals*.    Exposed  to  a 

red  licat  upou  a  platinum  foil,  it  is  decomposed,  disengages 
oxygen,  and  leaves  oxyde  of  chromium,  which,  at  a  red  heat, 
spontaneously  and  suddenly  becomes  ignited  tliroughout  (page 
195) ;  when  chromic  add  has  been  obtained  by  the  evaporation 
of  its  solution  in  water,  the  disengagement  of  light  does  not 
take  place.  Chromic  acid  dissolves  in  small  quantity  in  water ; 
the  solution  has  a  deep-brown  colour,  and  it  destroys  paper  and 
other  organic  substances'.  Lake  concentrated  sulphuric  acid, 
chromic  add  is  also  soluble  in  alcohol,  but  in  sudi  a  solution  it 
soon  undergoes  decomposition.  Treated  by  boiling  concentrated 
sulphuric  acid,  it  is  converted  into  oxydc  of  chromium,  which 
dissolves  in  the  acid  with  disengagement  of  oxygen  gas.  Diluted 
sulphuric  add  docs  not  produce  this  effect. 

*  Chromic  add  forms  with  the  alkalies,  salts  which  are  sduble 
in  water.  The  alkaline  chromates  are  yellow,  and  the  add 
clironiatcs  arc  red.  The  aqueous  solutions  of  tlicsc  salts  have 
the  colour  of  the  salts  themselves.  When  an  acid  is  poured 
in  the  yellow  solutions  of  the  neutral  chromates,  the  liquor 
assumes  a  red  colour,  because  an  add  chromate  of  alkali  is 
thereby  formed.  This  effect  takes  place  at  first,  when  muriatic 
add  is  added,  but  after  a  short  time  it  decomposes  the  chromic 
add.  With  most  earths,  and  a  great  number  of  metallic  oxydes, 
chromic  acid  forms  compounds  which  are  insoluble  in  water, 
and  often  also  in  dilute  adds :  these  compounds  are  ordinarily 
of  a  yellow  or  red  colour.  Several  insoluble  yellow  chromates 
acquire,  in  passing  to  the  state  of  basic  chromates,  a  red  colour, 
similar  to  that  of  the  acid  chromates;  such  is  the  case,  for 

*  The  crystals  of  chromic  acid  arc  deliquescent.—  Ed. 

*  ftqoeoQB  solution  of  chromic  acid  Btains  tlie  skin  yollow,  which  caitnot 
be  wMbed        by  water,  bot  wliiab  »  aoltttiaii  of  «llwU  i«nioy«s<— En. 
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example^  with  the  precipitate  of  chromate  of  lead,  the  yellow 
colour  of  which  turns  red  hy  addition  of  ammonia.  Chromic 

acid  forms  no  acid  salts  with  tlie  earths,  nor  with  the  metallic 
oxydea.  As  the  chromates  of  alkalies  are  often  resorted  to  as 
re-agents  for  detecting  sereral  bases,  the  behaviour  of  these 
bases  with  chromate  of  potash  has  been  indicated  in  the  preceding 
pages. 

*  T\Tien  the  chromates  of  weak  bases  are  exposed  to  a  red 
heat»  the  chromic  add  is  reduced  to  the  state  of  osyde  of 
chromimn,  with  disengagement  of  oi^gen  gas.  The  excess  of 
acid  of  the  persalts  of  alkalies  undergoes  also  this  change ;  but 
the  heat  must  be  very  strong.  The  neutral  chromates  of  alkalies 
are  not  altered. 

*  CoNCENVBATBD  svLPBURic  ACID,  with  the  help  of  heat, 
disengages  oxygen  from  the  chromates.  The  chromic  arid 
becomes  converted  into  oagrde  of  duromiam,  or  into  chromate 
of  oxyde  of  chromium. 

*  The  solutions  of  the  chromates^  like  that  of  chromic  acid, 
are  decomposed  by  muriatic  acid.  In  the  cold,  and  in  a  dilute 
solution,  this  decomposition  is  effected  very  slowly;  but  with 
the  help  of  heat,  and  in  a  concentrated  solution,  the  decom- 
position is  much  more  rapid ;  yet  some  time  must  elapse  before 
it  is  complete.  At  first,  if  the  salt  of  alkali  be  neutral,  the 
liquor  reddens,  as  it  does  when  any  arid  is  added  j  then  chlorine 
is  disengaged,  and  oxyde  of  chromium  is  formed,  which,  remain, 
ing  dissolved  in  the  excess  of  muriatic  acid,  gives  a  green  colour 
to  the  liquor.  The  decomposition  is  complete  only  when  the 
solution  has  ceased  to  evolve  the  smell  of  chlorine,  when  it 
behaves  towards  re-agents  like  a  solution  of  oxyde  of  chromium 
(page  196).  If  the  chromate  contains  sulphuric  arid,  the  pre- 
sence of  this  acid  can  be  detected  by  means  of  a  barytic  salt, 
only  aflcr  the  decomposition  of  the  chromic  acid  by  muriatic 
mad\  When  alcohol,  or  other  organic  substances,  are  poured 
into  the  solution  of  a  chromate  to  which  muriatic  add  has 

>  SolnliMM  of  bsigrtie  ulto  prodoM  in  Mtnlte  of  dinnato  » jdlowiib-wliilB 
pneipiteto  ot  ebroDAle  of  buyte  lohible  in  dShito  nnirfaUie  and  nHrie  aekb. — Bd. 
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been  added^  the  reduction  of  chromic  acid  into  oxyde  of 
chrominm  is  more  rapidly  effected;  and  then,  intitead  of 
chlorine,  mnriatic  ether  is  disengaged  *. 

When  concentrated  muriatic  acid  is  j)Ourcd  upon  soluble 
or  insoluble  chromates,  in  a  tube  of  white  glass  closed  at 
one  endj  and  the  whole  is  afterwards  heated,  chlorine  gas  is 
dis^gaged,  which  may  he  recognised  as  snch  by  its  peculiar 
colonr  and  its  odonr. 

*  If,  an  acid  (for  example,  nitric  or  dilute  sulphuric  acid,  but 
not  muriatic  acid),  being  poured  in  the  solution  of  a  chromate 
or  of  chromic  acid,  an  excess  of  aqueous  solution  of  strtravE- 
ETTsn  HTDKOGEN  be  added,  or  a  current  of  this  gas  be  passed 
through  the  liquor,  it  changes  colour,  and  ultimately  becomes 
green  ;  the  chromic  acid  being  converted  into  oxyde  of  cliromium, 
wliich  remains  dissolved  in  the  acid  employed After  a  time 
sulphur  begins  to  be  deposited,  which  gives  the  liquor  a  milky 
appearance.  When  the  whole  is  heated  for  some  time,  the 
reduction  of  tlic  cliroraic  acid  into  oxvde  of  chromium,  -svith 
separation  of  sulphur,  is  effected  with  more  rapidity.  it  is 
easily  conceived,  that  it  is  necessary  that  the  liquid  should  not 
contain  any  metallic  oxyde  susceptible  of  being  precipitated  by 
sulphuretted  h\  drogen  from  an  add  solution  in  the  state  of 
metallic  snlphuret.  The  liquid,  which  is  separated  l)y  filtering 
from  the  sulphur  deposited,  behaves  afterwaixls  towards  re-agents 
like  a  solution  of  oxyde  of  chromium.  When  the  chromic 
acid  contained  in  a  solution  is  reduced  in  the  state  of  oxyde  of 
chromium  by  means  of  sulphuretted  hydrogen  gas,  the  sulphur 
which  is  separated  forms  an  inconsiderable  precipitate,  but  a 
great  quantity  of  sulphuric  acid  is  produced. 

When  an  acid  (for  example,  dilute  sulphuric  acid)  ia  poured 
in  the  solution  of  a  chromate,  and  a  svlphitb  is  subsequently 

>  The  erofaition  of  muvfolie  ether  tekee  place  oolj  of  ooorae  when  aloohol  hu 

been  added,  and  the  ether  thus  disengaged  is  mixed  with  aldehyde. — Ed. 

2  If  enough  acid  has  been  employed,  the  wliole  of  tl»e  oxyde  of  cliromium  jiroducrd 
is  dissolved,  aiul  no  precipitate  except  of  sulphur  is  Ibnned  ;  but  if  there  is  not 
enough  free  acid  pi'eecnt,  a  greeiUHh  precipitate  of  vx^Uo  of  cliromium  will  be 
deposited,  mixed  witlt  ilte  sulphur. — Ed, 
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added,  if  the  chromate  is  in  sufficient  quantity  no  sulpliurous 
acid  is  fonned,  but  the  chromic  acid  is  converted  into  oxyde  of 
chromiuin,  which  imparts  a  green  colour  to  the  liquor.  The 

reduction  of  the  chromic  acid  into  oxyde  of  chroniinm  is  more 
easily  eftectcd  by  sulphurous  acid  than  by  muriatic  acid,  and  by 
sulphuretted  hydrogen. 

*  Ahaxof  METALLIC  ZINC  pluuged  in  the  solution  of  a  neutral 
chromate,  and  even  in  that  of  an  acid  chromate,  produces  no 
chauge ;  but  if  a  little  dilute  snlphnric  acid  be  added  to  the 
solution,  the  liqnor  cissuraes  a  green  tinge,  due  to  the  transform- 
ation of  chromic  acid  into  oxyde  of  chromium. 

When  the  soluble  or  insoluble  chromates  are  triturated  with 
chloride  of  sodium,  and  having  introduced  the  mixture  into  a 
tube  of  white  glass  closed  at  one  end,  concentrated  sulphuric  acid 
is  poured  iii)on  it,  and  thcwliolc  is  heated,  a  frothy  effervescence 
is  produced,  due  to  a  disengagement  of  a  red  gas,  which  fills  the 
empty  space  in  the  tube,  and  which  condenses  into  a  brownish* 
red  liquid,  which  is  a  combination  of  chromic  acid  and  chloride 
of  chromium.  If  for  the  chloride  used  in  the  niixture  a  bromide 
is  substituted,  a  gas  is  obtained  which  has  almost  the  same 
colour,  and  which  condenses  also  into  a  brownish-red  liquid; 
but  which  28  pure  bromine  \  . 

>  The  Mlvtions  of  the  salts  of  lead,  for  example  dw  nitnte  and  aoetete  of  lead, 
deCerndneiD  solution  of  chroaalea  a  fine  yellow  precipitate  of  cliromatc  of  Icadaolablo 
in  caustic  potash,  an^l  to  some  oxtont  in  nitric  acid.  The  addition  of  ammonia, 
especially  with  the  htlp  of  heat,  converts  it  into  subchromate  of  lead,  which  has  an 
orange-red  colour.  The  insoluble  chroniatcs,  or  substances  containing  chrome, 
which  are  inaolable,  may  bo  tested  for  chrome  in  the  frilowing  way  : — They  are  to 
be  well  pnlTeiiied  and  ndxed  with  about  time  timea  Aeir  weight  of  nitrate  of  pot* 
aah,  or  of  idtraie  of  potaah  nuxed  wilii  oaxbonato  of  ooda^  and  caldaed  at  »  bri|^t 
red  or  white  heat  in  a  weU^corered  hessian  crucible  for  about  two  honiSi  The 
cmcible  is  to  be  reduced  into  coarse  powder  and  digested  in  boiling  water.  If  anjr 
chrome  was  present,  the  water  will  assume  a  more  or  less  deep  yellow  tinge, 
owing  to  the  alkaline  chromate  held  in  solution.  The  addition  of  a  little  nitric  aeid 
to  slight  supersaturation  produces  a  clear  orange-yellow  solution,  owing  to  the 
alkaline  duoatiate  being  converted  into  Uehromate.  Sohitioii  of  aeetete  of  lead 
poured  therefai  prodnoea  a  bright  yellow  pfeeipHate  of  chranate  of  lead,  and  heating 
tfie  jeilow  aolntion  wllfa  mnriatie  acid  and  alocdiol  renden  it  green,  owing  to  the 
eonvenkNi  of  ttie  ebnnie  add  into  oiqrde  of  chrominm.  NtibnU  silver  prodnoee  in 
•wilntion  of  chromates  a  purple,  or  if  the  solution  contain  an  excess  of  acid,  a  carmine 
red  precipitate  of  chromate  of  silver  soluble  in  ammonia  and  in  nitric  acid. — £o. 
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Before  the  blow-pipe  the  chromic  add  of  the  chromates 
behAW  like  oxyde  of  chromiiun  (page  198). 
4k  Chioinio  add  has  so  many  properties  which  are  peculiar  to 

itself  that  it  cannot  be  confouuded  with  any  other  substance. 
The  facility  with  which  it  is  reduced  into  oxyde  of  chromium 
aoon  identifies  it,  the  latter  compound  being  easily  detected  in 
solntums  (page  198). 

*  Most  organic  snbstances  reduce  chromic  add  into  ozyde  of 
chromium,  with  disengagcmont  of  carbonic  acid.  This  reduc- 
tion is  more  especially  eii'ected  in  a  rapid  manner  in  solutions 
of  diromates  by  non-volatile  organic  substances,  such  as»  fi>r 
example,  tartaric  or  dtric  add,  prindpally  when  they  are  heated 
with  these  substances ;  carbonic  add  is  then  disengaged  with 
efferv^esceuce.  Oxalic  acid  acts  also  in  the  same  manner.  Some 
very  volatile  organic  adds,  such  as  acetic  add,  do  not  reduce 
chromic  add  in  solutions  of  chromates;  other  non-add  oiganic 
substances,  such  as  sugar,  alcohol,  kc,  reduce  the  chromic  add 
in  solutions  of  chromates,  but  the  l  eduction  is  only  partial,  and 
extremely  slow.  This  reduction  takes  place  more  rapidly  under 
the  influence  of  these  substances  in  solutions  of  the  add  chro- 
mates ;  it  is  easily  concdved  that  in  such  a  case  no  disengage- 
ment of  carbonic  add  is  percdved.  But  if  a  few  drops  of  dilute 
sulphuric  acid  be  added,  tlie  reduction  is  effected  in  an  extremely 
rapid  manner,  especially  >vith  the  hdp  of  heat,  and  carbonic 
add  is  then  disengaged  with  effervescence.  The  alkalies  cannot 
serve  to  detect  the  presence  of  oxyde  of  chromium  in  solutions 
of  chromates  the  chromic  add  of  which  has  been  converted 
into  oxyde  of  chromium  by  the  influence  of  non-volatile  organic 
substances  (page  198). 

18.  AaDS  OP  MANGANESB. 

l\  HYPERMANGANIC  ACID,  Mo.O,. 

*  According  to  Mitscherlich,  who  first  recognised  that  hyperw 
manganic  add  was  a  distinct  acid,  hypermanganic  acid  is  pre- 
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pared  hy  dissolving  some  hypermanganate  of  baryta  in  water> 

and  adding  to  the  solution  a  quantity  of  sulphuric  acid  sufficient 
to  precipitate  all  the  baryta  in  the  state  of  sulphate  of  baryta 
It  is  a  liquid  of  an  intense  crimson  colour^  which  has  a  very  strong 
colouring  power,  for  a  very  small  portion  is  sufficient  to  impart 
a  strong  crimson  tin^^e  to  a  large  mass  of  water.  It  cannot  be 
concentrated^  bccanse  it  undergoes  decomposition,  though  very 
slowly,  at  the  ordinarj^  temperature;  but  at  30°  or  40°  Cent* 
(86°  or  104°  Fahr.)  the  decomposition  proceeds  very  rapidly, 
axygea  gas  is  disengaged,  and  piydrated]  peroxyde  of  manga- 
nese is  deposited'.  According  to  Mitscberlich,  hypermanganic 
acid  parts  ^nth  its  oxygen  with  greater  facility  still  than  oxygen- 
ated water.  Iluuefeld  says  that  it  may  be  obtained  in  a  much 
more  stable  state  by  washing  the  green  manganate  of  baryta 
with  hot  water,  and  pouring  thereon  a  quantity  of  phosphoric 
acid  sufficient  to  saturate  the  baryta.  The  whole  may  be  heated, 
an  operation  which  facilitates  the  separation  of  tlie  phosphate 
of  baryta  produced ;  the  hypermanganic  acid  left  in  solution 
may  be  decanted  and  evaporated  to  dryness,  and  likewise  re- 
dissolved  without  decomposing  it ;  by  evaporating  it  again,  it 
may  be  obtained  in  the  form  of  a  crystalline  mass  of  a  reddish- 
brown  colour. 

*  Hypermanganic  acid  forms  with  all  the  bases  salts  which 
are  soluble  in  water.  In  the  solid  state  these  salts  are  almost 
black,  or  of  a  very  dark  reddish-brown  colour ;  when  mixed  with 
other  bodies  easily  oxydisable,  and  thrown  upon  ignited  char- 
coal, they  deflagrate  like  the  nitrates  and  chlorates.  Heated 
alone  the  pure  hypermanganate  of  alkalies  are  converted  into 
manganates  and  compounds  of  peroigpde  of  manganese  and  of 
alkalL   The  solutions  of  these  salts  have  a  very  intense  purple 

*  HjpiTniniingnimf-  of  baryte  if  pre|Nured  by  oldning  mtrate  of  l>ai7ta  with 
pMWgfde  of  manganeee.  The  green  iiiasb,  insoluble  in  water,  which  is  then  obtained 
is  inanganatoof  baxyta;  being  reduced  to  fine  powder  and  treated  by  dihito  sxilphnric 
acid,  it  j-ie1d«  a  red  solution  of  liyj>ermangaiii*te  of  baryta,  from  which,  after  being 
concentrated  by  evaporation,  the  baryta  may  be  precipitated  by  a  careful  addition 
of  sulphuric  acid. — Ed. 

*  Solar  Hifiki  bas  liw  mom  decomposing  infloenea^Eo. 
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colour,  and  like  the  acid  most  of  them  have  also  very  strong 
colouring  powers.  There  are  no  hypennonganates  completely 
insolnble.   The  least  soluble  of  all  is  h\  permanganate  of  silrer. 

Hypermanganate  of  potash,  wliicli  is  tlie  best  known  of  these  salts, 
is  sparingly  soluble.  Hypermanganate  of  soda,  lime,  strontia, 
magnesia,  oxyde  of  sine,  and  protoxyde  of  copper,  deliquesce  in 
the  air.  Hypermanganic  add  cannot  combine  with  oxyde  of 
lead,  protoxyde  of  manganese,  nor  protoxyde  of  iron,  because  it 
abandons  oxygen  to  these  bases,  which  then  pass  to  a  higher 
degree  of  oxydisement.  The  aqueous  solutions  of  hyperman- 
ganates  arc  easily  decomposed.  That  of  hypermanganate  of 
potash  in  solution  of  pure  fotash  cannot  be  evaporated  except 
when  placed  under  the  receiver  of  the  air-pump,  by  the  side  of 
a  dish  of  concentrated  sulphuric  acid.  Without  this  precaution 
it  is  gradually  decomposed,  even  iu  the  cold,  and  more  rapidly 
when  heated,  producing  manganatc  of  potash,  which  is  green, 
and  disengaging  oxygen.  If  the  decomposition  be  slowly 
effected  the  quantity  of  green  manganate  of  potash  gradually 
augments  in  proportion  as  that  of  the  red  liypcrii]an}j:anate 
diminishes,  and  during  the  phases  of  this  transformation  a  series 
of  changes  of  colour  is  observed,  which  are  due  to  the  mixture  of 
red  hypermanganate  and  of  green  manganate  in  different  pro- 
portions. If  an  add  be  added  to  the  green  solution,  it  becomes 
red ;  for,  as  will  be  seen  further  on,  hj-permauganic  add  is  then 
formed,  and  a  brown  powder  is  deposited. 

*  Ammonia  and  the  ALKALINE  carbonates  cannot  produce 
the  green  colour  of  manganate  of  potash  in  the  red  solutions  of 
hypermanganate  of  potash ;  nitrogen  gas  is  evolved,  and  hydrate 
of  peroxyde  of  manganese  is  deposited. 

*  \Vheu  NITRIC  or  sulphuric  acid  is  poured  upon  tlie  dry 
hypermanganates,  or  in  the  solutions  of  these  salts,  aud  heat  ia 
applied,  they  are  decomposed,  just  as  hypermanganic  add  itself, 
into  oxygen  gas,  which  is  disengaged,  and  peroxyde  of  manganese, 
which  falls  down  in  the  state  of  a  brown  powder. 

*  WTien  a  liypt  rmaui^aiKite  or  hypermanganic  acid  is  treated 
by  MURIATIC  ACID,  chloriiie  gas  is  evolved,  even  iu  the  cold; 
with  the  help  of  heat,  the  deutoxyde  of  manganese  which  had 
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separated  U  dissolved^  and  chlorine  gas  is  also  evolved.  The 
solution  is  oolourless^  and  contains  both  protochloride  of 

mangiiucsc,  and  the  base  of  the  decomposed  hypermangauatc^ 
which  base  is  iu  the  state  of  metallic  chloride. 

*  A  solution  of  sulphurous  acid^  or  of  a  bulfhitb^  inth 
addition  of  an  acid,  decomposes  very  easily  the  solutions  of 
liypermanganates,  which  are  thereb}-  decolorised^  and  sulphate 
and  liyposulphale  of  protoxyde  of  maiigaiicsc  arc  formed. 

*  pHosFuoaous  ACID  and  other  reducing  acids  decompose 
Tcvy  r^dly  the  solutions  of  the  hypermanganates. 

*  The  solution  or  a  current  of  sulphubbttbd  htdkoosn 
decolorises  immediately  the  solutions  of  hypermanganates;  sul- 
phuret  of  manganese  of  a  flesh  coloui*  is  formed,  but  so  much 
sulphur  is  deposited  at  the  same  time,  that  the  precipitate 
appears  quite  white. 

*  Htdbosulphuret  of  ammonia  poured  in  excess  in  solutions 
of  the  hypermanganates  gives  a  flesh-coloured  precipitate  of 
sulpliiiret  of  manganese. 

*  Before  the  blow-fipjs  the  hypermanganates  behave  like 
protoxyde  of  manganese. 

The  intense  crimson  colour  of  the  hypermanganates  and  of 
their  solutions,  the  facility  with  which  they  are  decomposed 
into  oxygen  ga^  and  liydrate  of  peroxyde  of  manganese,  the 
abundant  disengagement  of  chlorine  gas  which  they  produce 
when  treated  by  muriatic  acid^  and  their  behaviour  before  the 
blow-pipe  is  so  characteristic  that  they  cannot  be  confounded 
with  other  combinations. 

*  Abnost  all  ougamc  substancks  easily  decompose  hj^per- 
mangauic  acid ;  it  is  reduced  by  them  with  disengagement  of 
carbonic  add  into  deutoxyde  of  manganese,  and  even,  with  the 
hdp  of  heat,  into  protoxyde  of  manganese.  Vegetable  and 
animal  colours  are  instantaneously  destroyed  by  this  acid,  and 
the  solutions  of  the  hypermanganates  produce  also  the  same 
effect,  but  less  powerfully.  The  bleaching  is  howc\cr  very 
rapid  when  an  acid  is  added.  The  filtering  paper  itself  has  a 
reducing  influence  upon  hypermanganic  acid  and  the  solution 
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of  its  salts,  so  that  these  liquids  are  partialijr  deoomjjosed  hj 
filtering*. 

2*.  MANGANIC  ACID,  MaO,. 

(Adde  Manganiqwe.) 

*  Manganic  aciu  in  a  state  of  ptu'ity  has  not  as  yet  been 
obtained;  it  is  known  only  in  combination  with  bases.  In 
order  to  obtain  it,  a  strong  base,  for  example,  potash  or  the 
nitrates  of  sudi  bases,  are  exposed  to  a  red  heat  in  conjunctbn 
with  peroxyde  of  mangauese.  Whether  the  operation  be  per- 
formed with  or  without  the  contact  of  the  air^  a  manganate  is 
thus  produced;  with  the  contact  of  the  air,  because  the  peroxyde 
of  manganese  absorbs  oxf^Oi  from  the  air,  and  is  thereby 
transformed  into  manganic  acid ;  without  the  contact  of  the  air, 
because,  according  to  Mitsclieilich,  the  peroxyde  of  manganese 
is  decomposed  into  manganic  acid  and  deutoxyde  of  manganese 
By  dissolving  the  mass  an  intensely  green  liquid  is  obtained, 
which  contains  manganate  of  potash,  mixed  with  pure  potash 
and  carbonate  of  potash ;  there  remains  a  brown  powder 
composed  of  hydrated  deutoxyde  and  hydrated  peroxyde  of 
manganese. 

*  The  manganates  in  the  solid  state  are  so  intensely  green 
that  they  often  appear  black.    Their  aqueous  solutions  are 

intensely  green  also ;  manganic  acid  is  still  more  easily  decom- 
posed in  such  solutions  than  hypermanganic  acid.  All  the  acids, 
even  the  weakest,  impart  immediately  an  intense  red  colour  to 
the  green  solutions  of  the  manganates,  because  they  convert  the 
manganic  into  hypermanganic  acid,  which  is  accompanied  by 
the  furmation  of  a  black  precipitate  of  peroxyde  of  manganese. 
The  hypermanganic  acid  produced  undergoes  decomposition, 

*  lu  order,  tlieroforc,  to  soparatc  the  precipitates  from  h^'permaugaiuc  acid,  it 
must  be  done  by  decaiiUtiuu,  and  never  by  filtermg. — Ed. 

*  Whenftirftniteof  dkifibiiaed,tiwiMdtbtiwimMiilMnairb 
beeaitie  Ihe  oxygen  of  11m  uitnte  oonvwto  the  peroxjde  of  maafUMoe  into  am^ 
gHiie  aoid.  In  botih  nmm,  liiat  is  whm  die  opomtion  is  pgrfunucd  wtth  tite  eon- 
tnot  of  tiie  air  or  with  a  nitrate  of  alkali,  there  is  alii^-ays  of  course  a  lai^ger  qoantilgr 
of  manprnnir  nr\d  prodoood  tiiMi  when  »  hjrdnte  of  alkali  is  naod  or  ivlien  tfie  air 
exdoded. — £d. 
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as  we  have  previously  stated,  either  slowly  at  the  ordinazy 
temperature,  or  more  rapidly  by  applying  a  gentle  heat. 

*  Water  alone  decomposes  the  solntion  of  manganate  of 
potash  as  if  it  were  an  acid ;  it  reduces  it  into  hypermanganic 
acid  and  hydrate  of  peroxyde  of  manganese.  A  solution  of  pure 
POTASH  is  the  only  menstrunm  which  dissolYes  it  without 
decomposition.  The  solution  must  be  evaporated  in  vacuo;  by 
which  means  crystals  of  manganate  of  potash  mixed  with  hydrate 
of  potash  arc  obtained.  If  this  solution  be  exposed  to  the  air, 
the  carbonic  acid  contained  in  the  atmospliorc  saturates  the 
excess  of  potash,  after  which  it  reacts  upon  the  manganic  acid, 
winch  it  reduces  into  hypermanganic  acid  and  peroxyde  of 
manganese. 

*  Mm  I A  TIC  ACID  at  first  reddens  the  green  solution  of  a 
manganate  as  other  acids  do,  but  the  red  colour  disappears  soon 
after,  under  an  abundant  disengagement  of  chlorine  gas,  and 
the  liquor  becomes  a  dark-brown  solution  of  deutoxyde  of 
manganese  in  muriatic  acid,  which  solution,  upon  heat  being 
applied;  again  disengages  chlorine^  and  is  converted  into  a 
colourless  solution  of  protochloride  of  manganese. 

*  SuLPBUBOUS  ACID  aud  other  reducing  acids,  svLPHUBSTraD 
HTBRooEN,  and  HTDROSVLPHVBBT  OP  AMMONIA,  behave  towards 
the  manganatcs  as  towards  the  hypcrmanganatcs. 

*  Beibre  the  blow-pipe  the  mangauates  behave  like  protoxyde 
of  manganese.  The  green  colour  which  is  imparted  to  soda, 
when  it  is  fused  upon  platinum  foil  with  manganiferous 
substances,  is  owing  to  the  production  of  manganate  of  soda. 

*  The  change  from  green  to  red,  which  the  ni:inganates  and 
their  solutions  undergo  when  treated  by  diluted  acids,  and  which 
is  due  to  the  transformation  of  manganic  into  hypermanganic 
add,  and  the  abundant  disengagement  of  gaseous  chlorine, 
which  takes  place  when  these  salts  are  treated  by  muriatic  acid, 
identifies  them  so  well  that  they  cannot  be  confounded  with 
other  salts. 

*  MA^ngg-nin  add,  iu  the  manganates,  is  decomposed  by 
almost  all  obganic  svbstancbs*   It  is  true  that  the  organic 
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acids  impart  a  red  colour  to  all  the  green  solutions  of  the  man- 
ganates,  exactly  aa  all  other  acids  do^  aad  produce  hypermauganic 
acidf  but  they  soon  reduce  the  hypermanganic  add  thus  formed 
into  deutoxyde  of  manganese,  with  disengagement  of  carbonic 
acid,  or  even,  it"  heat  be  a[)plicd,  into  piolox}  de  of  niauj^anese  ; 
the  non-acid  organic  substances,  such  as  sugar,  alcohol,  &c., 
destroy  yery  rapidly  the  green  colour  of  manganates.  The 
addition  of  dilute  sulphuric  add  hastens  much  the  reducticm  of 
the  mauguuic  add,  with  disengagement  of  carbonic  add. 


The  French  edition  has  the  following  note  by  M.  £. 
Pdigot : — 

FERBIC  ACID,  FeO,. 
(Aeide  /M^iie.) 

^  M.  Trimy  has  obtained  a  new  combination  of  iron  and 

oxygen  by  peroxydising  iron  in  jjresence  of  potash ;  ferric  acid 
corresponds  to  manganic  acid,  and  its  composition  is,  therefore, 
represented  by  the  formula  FeO,. 

*  Ferrate  of  potash  is  prepared  in  the  dry  way  by  projecting 
two  parts  of  dry  pulyerised  nitrate  of  potash  upon  one  part  of 
red  hot  iron  turnings.  The  result  is  a  reddish  mass  containing  a 
great  quantity  of  ferrate  of  potash.  The  same  compound  is 
obtained  in  the  humid  way  by  passing  a  cmrent  of  chlorine 
through  a  very  concentrated  solution  of  potash,  in  whidi  hydrate 
of  peroxyde  of  iron  is  held  in  suspension. 

*  Ferrate  of  potash  is  decomposed  by  heat,  by  the  contact  of 
organic  substances^  and  by  bodies  in  a  hue  state  of  division. 
Its  aqueous  solution  is  violet,  and  it  is  decomposed  by  a  large 
quantity  of  water  into  hydrate  of  peroxyde  of  iron,  oxygen,  and 
potash — ^E.  P. 

1  In  Addition  to  this  note  of  M.  £.  Peligot,  we  should  say  UuU  M.  Fr^y  bu 
dneo  publiahed,  in  tiie  Atmaia  de  Cfttmls  d  ife  PhytiqM,  xii.,  page  886,  a  Memoir 
upon  fenic  acid.  Aooovding  to  this  cbemiflt,  fenato  of  potash  may  be  ndnuitiigo- 
onaly  j  repared  by  heating  a  carodUe  to  tednew*  introdueing  therein  about  6  graramea 

(75  gr.)  of  ijurc  iron  turnings,  and  when  these  are  mcandeacent  to  project  upon 
them  10  giammes  (150  gr.)  of  pulmiaed  nitrate  of  potaah  prenoualy  luaed.  The 
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19.  OSMIC  ACID^OiO^. 

(Acide  Sutoamique.) 

*  Pure  anhydrous  osmic  acid  formB  a  white  crystalline  mass 
"when  it  has  been  obtained  by  oxyduing  metallic  osmimn.  It  is 
softened  by  tbe  heat  of  the  hand :  at  a  higher  temperatnie  it 
fiues^  and  at  a  higher  temperature  still  it  is  Yolatilised^  and  then 
condenses  into  white  drops  and  crystalline  needles  upon  the 
cold  parts  of  the  vessel  in  which  the  experiment  is  performed : 
placed  npon  ignited  chaicoal  it  is  reduced  with  detonation. 
Even  in  the  cold  it  has  a  very  strong  pungent  and  extremely 
disagreeable  odour'.  Its  vapours  greatly  irritate  the  nose  and 
eyes.  Water  dissolves  it  but  slowly.  W  hen  heated  in  that 
menstruum  it  fuses  into  drops  under  the  liquid^  as  is  the  case 
when  phosphorus  is  heated  under  water.  The  aqueous  solution, 
even  in  the  cold,  exhales  a  strong  odour  similar  to  that  of  the 
dry  acid,  and  it  is  colourless  and  scaicely  reddens  litmus  paper 
at  all,  or  only  very  feebly. 

*  When  the  aqueous  solution  of  osmic  add  is  mixed  with 
solutions  of  pure  alkalies,  its  odour  disappears  and  the  liquid 
becomes  yellow.  Tellow  or  brown  appears  to  be  the  colour  of 
most  osmiates.  If  the  aeid  be  dissolved  in  a  fjreat  excess  of 
ammonia,  the  hquor,  especially  when  heated,  assumes  a  deeper 
tinge  after  a  long  time,  and  ultimately  becomes  black  and 
opaque;  nitrogen  gas  is  then  gradually  disengaged,  and  the 

iron  4MUigniteB  in  n  vivid  manner,  the  erodbltt  is  tfien  to  be  oevered  and  infliHred 
to  cool.  The  reddish  violet  raldnam  may  be  easily  detaebed  from  flw  amdbifl^ 
and  pveoenred  m  a  diy  pliial.  It  eontaina  a  little  liypnroxydc  of  iron,  and  pradnosa 

a  slight  disengagement  of  gas  whilst  dissolving  in  water.  To  obtain  pure  ferrate  of 
pota>h,  the  red  mass  is  to  be  dissolved  in  water,  the  cleiir  H(iuor  decanted,  and  a 
>  i  i-y  c-uiiceutrated  solution  of  hydrate  of  potaalx  is  to  bo  added  in  sufticieut  quantity, 
ho  a.s  to  render  the  ferrate  of  potash  insoluble  in  die  alkaline  liquor,  whereupon  the 
ferrate  of  pota»h  is  precipitated  in  the  state  of  a  black  powder,  which  may  be 
deprived  of  nKMtnra  by  placing  it  on  a  dry  brick  plaeed  in  an  escaioeator.  The 
imate  may  now  be  all^y  ivasmed  upon  a  pieoe  of  poiroas  diina,  and  then  kept  in 
»  gbaa  tube^  wfaidi  is  to  be  sealed  wi^  ttie  ]anp<— Ed. 

1  The  odour  reacmbtoi  that  of  ehloride  of  anlphnr,  and  eseilea  oongfiing,  bat  ia 
not  aeid.— £d. 


Digitized  by  Google 


330  OSMIC  ACID. 

osmic  acid  is  converted  into  scsquioxydc  of  osmium  (acide 
su^o»mwuT),  i)ai  l  of  whicli  sticks  to  the  sides  of  the  vessel  under 
the  form  of  a  brownish-yellow  precipitate. 

*  When  nitric  or  muriatic  acid  is  poured  in  solations  of 
osmiates  of  alkalies^  osmic  add  is  liberated^  which  is  leoognised 
by  its  odour,  especially  when  the  liquor  is  heated.  An  aqueous 
solution  of  osmic  acid  may  then  be  obtained  by  distilling. 

*  Free  osmic  acid,  in  a  free  state,  seems  not  to  afford  preci- 
pitates with  neutral  solutions  of  earthy  and  of  metallic  salts,  but 
precipitates  appear  by  saturating  it*.  It  does  not  form  preci* 
pitates  in  neutral  acetate  or  nitrate  of  protozyde  of  lead ;  but  if 
a  little  ammonia  be  added,  a  deep  brown  precipitate  is  imme- 
diately produced.  Free  osmic  acid  produces  also  an  immediate 
brown  precipitate  in  a  solution  of  basic  acetate  of  lead. 

*  A  solution  of  PBOTOSULFHATB  OP  IRON  rcduces  osmic  add, 
and  produces  a  deep  black  precipitate  in  its  solutions. 

*  PuoTocnLouiDE  OF  TIN  dctermiiics  in  solutions  of  osmic 
acid  a  brown  precipitate,  soluble  iu  muriatic  acid,  with  which 
it  produces  a  brown  liquor. 

*  Most  metals,  even  mercury,  predpitate  metallic  osmium 
from  a  solution  of  osmic  add,  when  another  add  is  added  *. 

*  If  a  suLrin  iE  he  pliui^'cd  in  a  solution  of  osmic  acid,  the 
liquor,  even  when  it  contains  only  a  very  minute  trace  of  this 
add,  assumes  immediately  a  deep  violet-blue  tinge,  and  a  black 
predpitate  of  osmium  is  formed.  The  liquor  in  course  of  time 
becomes  blue,  and  when  left  for  a  long  time  at  rest  it  becomes 
decolorised,  whilst  the  black  precipitate  augments.  Thou«rh  a 
very  large  quantity  of  water  be  added,  the  intensity  of  the 
blue,  or  rather  violet  colour,  does  not  appear  to  diminish.  This 
violet  colour  is  more  permanent  in  a  very  dilute  than  in  a 
concentrated  solution. 

>  The  affinity  of  osmic  acid  for  baaes  !■  very  feeble.   In  the  humid  wij  it  dow 

not  displace  carbonic  acid  from  carbonates,  and  heat  expels  it  from  its  combinations 
with  most  bases,  except  those  which  it  forms  with  the  fixed  alkalies,  which  retain  • 
considerable  quantity  of  osmic  add  even  after  exposure  to  a  re<l  lu  At. —  En. 

^  From  a  solution  of  osmic  acid  alone,  that  is  unmixed  with  anotlier  acid,  the 
precipitate  piodneed  by  matelt  m  a  mixture  of  osmium  and  of  oamiate  of  the  metal 
employed.— Eo. 


Digitized  by  Google 


AKSElilC  ACID. 


331 


*  Sulphuretted  hydrogen,  either  aqueous  or  g;iiscous^  pro- 
duces in  solutions  of  osmic  acid  a  browiiish-black  precipitate^ 
wMch  xemaiiu  in  anspenaion,  and  is  easily  deposited  only  by 
adding  muriatic  or  another  free  acid  to  the  liquor. 

*  HTBROSVLPRirRBT  ov  AMMONIA  produces  in  solution  of 
osmic  acid,  a  black  precipitate,  which  is  not  soluble  in  an 
excess  of  the  re-agent. 

*  The  disagreeable  odour  which  free  osmic  acid  exhales  is 
so  characteristic  that  it  cannot  be  confounded  with  any  other 
substance. 

*  A  very  great  number  of  organic  substances  reduce  the 
aqueous  solution  of  osmic  acid.  If  alcohol  be  poured  in  a 
sohition  of  osmic  add,  no  change  at  first  is  produced,  but 
after  some  time,  a  bhie-bhick  precipitate  of  metaUic  osmium  is 
formed.  If  the  alcohol  is  diluted  with  much  water,  osmium  is 
not  reduced.  Acetic  acid,  at  first,  does  not  produce  any  change 
in  the  solution  of  osmic  acid,  but  after  a  certain  time  it  becomes 
of  a  riolet  colour  ^  Some  organic  substances  seem  to  produce 
no  change  whatever  in  the  solution  of  osmic  add,  eyen  after  a 
yeiy  long  time. 

20.  ACmS  OF  ARSENia 
]«.  ARSENIC  ACID,  AsO.. 

(Aeide  Arteniqw.) 

*  In  the  pure  state  arsenic  acid  forms  an  opaque  mass  of  a 
milky-white  colour.  It  attracts  moisture  from  the  air,  and 
ultimately  deliquesces,  but  for  this  a  long  time  is  required.  In 
the  anhydrous  state  water  dissolyes  it  completely,  though 

slowly;  but  u  large  portion  remains  for  a  long  time  undissolved 
in  the  state  of  a  white  powder Arsenic  which  has  absorbed 

'  Accordiii?^  to  M.  Frxfmy,  when  o^mir  nci«l  is  saturated  by  concontrated  potash, 
Aud  alcohol  is  added  drop  by  drop  to  tlio  solution,  the  U^uor  dcvclopcH  Iieat,  it 
becomes  of  %  slight  piuk  colour,  and  an  abundant  eryBtaUine  powder  is  precipitated, 
compoaed  of  ■eaqoioatyde  of  omamn  and  of  potaah>  wbicfa  aeaqnioxyde  (called  by  M. 
FMiiy  MMtsiit  caiuiQt  be  aspantad  firom  an  allude 
it  is  thenby  conrexted  bite  deutoxyde  of  oamiam  and  osmic  acid  OsO,  +  OsO^. 

3  Six  partsof  ooMortwoof  boilii^^irateraiefeqniredtodia^ 
acid. — Ed, 
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moisture  from  the  atmosphere  is  easily  soluble  in  water. 
Solution  of  arsenic  acid  strongly  reddens  litmus  paper.  Anhy- 
drous arsenic  add  fuses  at  a  low  red  heat  into  a  white  mass, 
which  by  dissolving  it  in  a  small  quantity  of  water,  leavea 
arsenious  add.  Exposed  to  a  higher  temperature,  it  is  entirely 
volatilised,  but  not  without  decompositioUj  for  it  is  reduced 
into  arsenious  acid  and  oxygen  gas. 

*  Arseniates,  so  £ur  as  regards  their  dystalline  fonui  solu- 
bility in  water,  and  serertd  other  properties,  have  much 
resemblance  with  the  corresponding  phosphates.  The  neutral 
or  acid  arscniatcs  of  alkalies  alone  are  soluble  in  water.  Iii 
this  respect  again,  it  resembles  phosphoric  acid.  The  neutral 
arseniates  of  earths  and  of  metals  are  insoluble  in  water  and 
dissolve  only  in  an  excess  of  arsenic  or  other  free  adds; 
wherefore  solutions  of  neutral  arseniates  are  predpitated  by 
tli(;  neutral  solutions  of  all  earthy  or  metallic  salts;  these 
precipitates  are  soluble  in  free  acids,  and  when  their  acid 
solution  is  saturated  with  an  alkali,  the  arseniates  are  pred- 
pitated. Yet  it  often  happens  that  an  excess  of  alkali,  espe- 
dally  of  potash,  takes  up  arsenic  add,  and  the  metallic  oxyde  is 
thrown  down  with  its  ])ccidiar  colour ;  but  in  this  case,  as  with 
the  corresponding  phosphates,  it  is  not  possible  to  free  the 
predpitate  completely  firom  its  arsenic  add.  When  the  bases 
of  the  predpitated  arseniate  are  soluble  in  an  excess  of  alkali, 
the  arseniate  likewise  is  soluble. 

*  A  precipitate  of  iirsciiiate  of  baryta  or  of  lime  is  produced  iu 
solutions  of  neutral  arseniates  of  alkalies,  not  only  by  solutions 

of  CHLOBIBB  OF  BAEIUBf  and  of  CHLOBIDB  OV  CALCIITM,  and 

of  other  earthy  salts,  but  also  by  babyta  watbb  and  limb 

WATBB. 

These  precipitates  are  soluble  in  muriatic  and  iu  nitric  acids, 
and  also  in  solutions  of  ammoniacal  salts,  especially  iu  that  of 
muriate  of  ammonia.  A  much  less  quantity  of  salt  of  ammonia 
is  required  to  dissolve  the  predpitate  of  arseniate  of  baryta  or  of 
lime  than  to  dissolve  that  of  phosphate  of  baryta  or  of  lime. 
W  hen  free  ammonia  is  present,  the  earthy  arseniates  are  more 
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difficultly  soluble  in  the  salts  of  ammonia ;  yet  it  often  happens 
that  an  etcew  of  ammonia  produces  no  precipitate  when  added 
to  a  Bolntion  of  aneniate  of  haryta  or  of  lime,  in  a  very  large 
quantity  of  muriatic  or  of  nitric  acid. 

*  A  solution  of  nitrate  or  of  acetate  of  lead  pruduct's  ji 
white  precipitate  of  arseuiate  of  lead  in  {solutions  of  arseniates 
of  alkalies.  This  precipitate  differs  from  the  corresponding 
precipitate  of  phosphaie  qf  lead  hy  its  hehaviour  before  the 
blow-pipe.  It  does  not  crystallise  when  fused  upon  charcoal 
by  the  blow  -pipe,  l)ut  the  iiitenial  llamc  reduces  it  in  the  state 
of  metallic  lead,  with  disengagement  of  heavy  fiimes  of  arsenic 
accompanied  by  the  odour  of  garlic 

*  A  solution  of  nitkatb  ov  siltbb  produces  in  solutions  of 
arseniates  of  alkalies  a  brown  precipitate  of  basic  arseniate  of 
silver,  which  is  very  soluljlc  in  nitric  acid  and  in  animonin. 
When  the  precipitate  is  dissolved  in  nitric  acid,  the  addition 
of  ammonia  causes  it  to  reappear  with  its  characteristic  colour, 
an  effect  which  takes  place  especially  when  its  ammoniacal 
solution  is  saturated  by  means  of  nitric  acid*.  The  super- 
natant liquid  above  this  precipitate  reddens  litmus  paper, 
even  though  the  solution  of  the  arseuiate  aud  that  of  the 
nitrate  employed  was  neutral.  However  strongly  ignited  the 
arseniate  may  have  been  before  it  is  dissolved,  this  drcnm* 
stance  has  no  influence  upon  the  colour  or  the  nature  of  the 
precipitate. 

*  A  solution  of  a  neutral  pbotosalt  of  copper,  for  example, 
sulphate  of  protoxyde  of  copper,  produces  in  the  neutral  solu- 
tions of  arseniates  of  alkalies  a  pale  greenish-blue  precipitate  of 

*  Tiie  wlnle  prampitata  of  anaiate  of  toad  isMhiblo  in  nitric  and  nniriaUo  adds. 
If  the  neatral  arseniate  be  mixed  with  aceUto  of  lead,  the  precipitate  is  a  bnsic 
waeniAte  of  lead,  and  free  acetic  acid  remaina  in  the  liquor,  the  affinitgr  of  anenio 
ncid  for  oxyde  of  lenfl  being  great.  -  Ed. 

2  The  solution  of  arsenic  acid  is  not  precipitated  hko  the  utuixai  arseniate  by 
solution  of  nitrate  of  silver,  because  as  arseniate  of  silver  is  aoliililo  la  nitric  add. 
It  l«  kepi  in  aotntion  by  the  nilrie  add  nsdting  from  ^  daoompoaitioa  of  the 
iteato  of  diver.  But  aranMmio-aitrata  of  silver  prodneea  %  brown  ptedpltate  of 
aneidaleof  ailtarhiiointionaof  ananicaddor  of  an  araeniate.  This  brown  pre- 
dpitale  of  arMoiate  of  dher  ia  veiy  dniadeKiatic*— En. 
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arseniate  qf  copper,  which  is  also  produced  when  solutions  of 
phosphates  are  mixed  mth  protoaaits  of  copper  \ 

SvLFHURETTSD  RTDKOOEN,  Cither  in  aqoeoiia  solution  or  in 
the  gaseous  state,  determines  a  light-yellow  precipitate  of  per- 
sulphnret  of  arsenic  (sulpharsciiic  acid)  in  the  solution  of 
arseniates  to  which  a  free  acid  has  been  added,  for  which  pur- 
pose a  little  muriatic  add  is  preferable.  But  this  precipitate 
does  not  at  onoe  appear  in  dilute  solutions,  and  is  formed  only 
after  standing  for  a  Tery  long  time ;  its  production,  however, 
may  be  hastened  by  boiling  the  whole  as  soon  as  the  sul- 
phuretted hydrogen  is  in  excess.  This  precipitate  is  very 
soluble  in  hydrosulphuret  of  ammonia,  and  in  a  solution  of 
pure  potash  or  of  ammonia,  and  even  in  a  solution  of  carbonate 
of  potash  or  of  soda,  this  property  may  easily  distinguish  it 
from  the  precipitates  produced  by  sulphuretted  hydrogen  in 
solutions  of  oxyde  of  cadmium*. 

Htubosulpbukst  of  ammonia  produces  no  precipitate  in 
solutions  of  neutral  arseniates  of  alkalies.  When  a  few  dropa 
of  this  re-agent  are  poured  in  a  very  concentrated  solution  of 
an  arseniate,  a  yellow  turbid uess  is  indeed  produced,  but  this 
turbidness  entirely  disi^pears  by  a  larger  addition  of  hydi-o- 
sulphuret  of  ammonia.   If  an  add,  especially  muriatic  add,  is 

>  Ammonio-Bulphate  of  copper  produces  also  a  greeiuBh-blue  precipitate  of 
arseniate  of  c<>pper  in  nflatral  aolttttODB  of  tneoiataB,  and  likewiw  in  »  Bolutkm  of 
free  arsenic  acid.-  En. 

-  Sulphurctkii  hydrogen  produces  no  precipitate  in  alkaline  or  even  in  neutral 
solutions  of  arseniates.  To  obtain  it  a  free  acid  must  be  present.  Moreover,  sul- 
phuretted hydrogen  does  not  precipitate  snenie  add  so  completely  nor  so  readily 
■a  ananknia  acid ;  therefom  it  ia  oAen  expedianl  to  vmrai  die  anmie  add  or  tfM 
anmiate  into  anenions  acid,  or  an  anenite,  by  adding  aqueotia  adntion  of  solphii- 
rons  acid  to  that  of  amnio  add  or  of  aneniate,  a  portion  of  the  oiqFgen  of  the 
araenic  acid  is  transferred  to  the  ndphmKms  acid,  which  then  beeomea  anlpburio 
acid,  whilnt  the  arsenic  bccoinc«»  arsonions  acid.  Tlii«  transposition  is  pTt^atly 
moted  liy  llie  application  of  heat,  which  serves  l)OsidL's  to  txpcl  the  excess  of 
sulphurous  acid.  If  sulphuretted  hydrogen  be  now  added,  the  whole  of  the  arsenic 
is  precipitated  with  a  bright  yellow  colour  in  the  state  of  setiquisulphuret  of  arseiue 
(flolpliaiMiiioiia  add).  Tliia  toealmait  ia  oftan  reaortod  to^  beeanie  H  finqoaHty 
ooenn  tiiat  a  mall  qnantitj  of  aneida  add  oonlaiaed  in  a  Uqvor,  obiliiiataljr  rtdm 
the  decomposing  action  of  Bolphnretted  bydrogen.  Tfala  meHiod  waa  first  proposed 
by  M.  Wtihler.— £n^ 
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then  poured  in  this  solution,  mixed  with  hydrosiilphuret  of 
ammoiuay  sulphuretted  hydrogen  gas  is  evolved,  and,  at  the 
same  time^  a  li^t-yellow  precipitate  of  persulphuret  of  arsenic 

(sulpharsenic  acid)  is  produced,  which,  however,  appears  in  dilute 
solntioiis  only  after  some  time,  but  which  may  be  hastened  by 
heat.  Persulphuret  of  arsenic  may  thus  be  precipitated  with 
greater  fecility  than  from  an  acid  solution  by  means  of  sulphu- 
retted hydrogen.  This  persulphuret  fuses,  but  less  readily  than 
sulphur j  and  sublimes  without  change,  in  the  form  of  aci78talline 
mass. 

*  The  precipitate  which  sulphuretted  liydrogen  produces  in 
the  add  solutions  of  arseniates  easily  distinguishes  arsenic  add 
fipom  other  adds,  espedally  from  phosphoric  add  which,  like 
arsenic  acid,  produces,  with  ejirtlis  and  nietiillic  oxydes,  com- 
pounds which  are  insoluble  in  water.  The  presence  of  arsenic 
add  may  escape  observation  so  much  the  less,  that,  as  will  be 
shown  further  on,  the  behaviour  of  its  combinations  before  the 
blow-pipe  are  quite  peculiar  and  characteristic. 

*  When  arsenic  acid  is  combined  with  earths,  or  with  metallic 
oxydes,  which  are  not  susceptible  of  bcin<^  precipitated  from 
their  add  solutions  by  sulphuretted  hydrogen,  such  as  for 
instance,  peroxjfde  iron,  prottueyde  of  iron,  oxyde  ^  eobaU, 
oxyde  of  nickel,  oxyde  of  zinc,  protoxyde  of  manganese^  oxyde  of 
uranium,  oxijde  of  chromium^  &c.,  the  com))ination  is  to  be  dis- 
solved in  an  acid,  and  preferably  in  muriatic  acid ;  tlie  solution 
ia  to  be  diluted  with  water,  and  a  current  of  sulphuretted 
hydrogen  passed  through  it  to  saturation.  After  a  time,  a  pre- 
dpitate  is  then  formed,  which  from  its  colour  and  solubility  in 
hydrosulphuret  of  ammonia  may  be  easily  rcco^aiiscd  as  ])er- 
sulphuret  of  arsenic,  by  which  means  the  presence  of  arsenic 
add  ia  positively  established.  The  solubility  of  the  persul- 
phuret of  arsenic  in  ammonia'  predudes  the  possibility  of 
confounding  it  with  a  precipitate  of  sulphur. 

*  When  arsenic  acid  is  combined  with  metaUic  oxydes  which 

*  Strong  caustic  ammonia  must  be  employed,  for  it  is  only  in  such  ammonia  Uiat  per- 
sulphuret of  arhenic  is  soluble.  Diluted  ammonia  leaves  a  residuain  of  sulphur. — ElK 
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are  precipitablc  from  an  acid  solution  by  sulphuretted  h\  drog^en 
ia  the  state  of  metallic  suipliurets  iusoluble  iu  liydrosulphurct 
of  ammonia^  the  compoimd  is  to  be  diaaolved  in  an  add,  the 
flohition  satorated  with  ammonia^  to  which  hydrosnlphuiet  of 
ammonia  is  to  be  added,  even  when  the  ammoma  haa  deter- 
mined a  precipitate.  The  persulpliurct  of  arsenic  whicli  will 
have  formed  is  thereby  dissolved,  whilst  the  bases  with  whicIi 
the  arsenic  acid  was  combined  remain  in  the  state  of  metallic 
anlphnrets,  which  may  be  collected  on  a  filter*  The  persnlphnret 
of  arsenic  must  now  be  precipitated  from  the  filtered  liquid  by 
adding  diluted  muriatic  acid  thereto^  and  it  is  to  he  separated 
from  the  sulphur,  which  will  have  been  precipitated  with  it,  by 
re-dissolving  it  again  in  ammonia. 

*  When  arsenic  acid  is  combined  with  metaUic  oxydes,  which 
are  precipitable'fiKmi  their  acid  solution  by  sulphuretted  hydrogen 
in  the  state  of  metallic  suipliurets  soluble  in  hydrosulphuret  of 
ammonia,  such  as  for  example,  peroxydc  of  tin,  scsquioxyde  of 
antimony,  &c.,  the  presence  of  arsenic  acid  must  be  ascer- 
tained by  means  of  the  blow-pipe,  in  the  manner  described 
further  on. 

*  It  is  often  possible  in  qualitative  analysis  to  separate 
from  arsenic  acid  tlic  metallic  oxydes  which  arc  absolutely  inso- 
luble in  solution  of  potash,  by  resorting  to  a  process  similar 
to  that  which  has  been  mentioned  in  treating  of  phosphoric 
add  (page  268).  It  is  true  that  the  operator  cannot,  any  more 
than  with  the  corresponding  phosphates,  completely  separate 
the  metallic  oxydc  by  treatment  with  potash,  but  the  most  part 
may  thus  be  liberated  ;  hydrosulphuret  of  ammonia  must  then 
be  poured  in  the  filtered  liquid,  which  is  next  to  be  super* 
saturated  with  dilute  muriatic  add.  The  presence  of  arsenic 
add  in  the  combination  may  be  recognised  by  the  precipitate 
of  pcrsulphuret  of  arsenic  produced. 

*  Arsenic  acid  is  much  more  easy  to  detect  in  its  combina- 
tions by  means  of  the  blow-pipb,  than  in  the  humid  way,  even 
when  only  in  very  minute  quantity.  Mingled  with  soda,  and 
heated  in  the  interior  flame  of  the  blow-pipe,  the  garlic  odour 
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viiich  characteriaes  arsenic  is  developed,  and  the  minutest  trace 
of  tliat  metal  may  thus  be  detected  in  aneniates.  It  is 
important  never  to  omit  treating  .by  soda  the  compound  in 
which  anenic  add  is  sought  for,  before  submitting  it  to  the 
interior  fiame  of  tlie  ijlow-pipe,  because  when  the  acid  exists 
only  in  snudl  quantity,  it  is  the  only  means  by  which  its  pre- 
sence can  be  detected. 

*  Arseniates  are  not  volatile  in  the  fire  when  this  is  the  case 
with  their  base  itself.  Many  of  them,  especially  amongst  the  acid 
arseniates,  are  fusible.  Several  acid  arseniates  by  being  strongly 
heated  lose  a  portion  of  their  arsenic  acid,  which,  in  that  case,  is 
decomposed  and  disengaged  in  the  state  of  arsenions  acid  and 
oxygen  gas.  When  the  experiment  is  performed  in  a  strong 
glass  tube  closed  at  one  end,  the  arseuious  acid  is  deposited  in 
the  colder  portion  of  the  tube.  When  the  compounds  of 
arsenic  acid  have  been  mixed  with  charcoal-powder,  the  arsenic 
acid  is  decomposed.  If  they  contain  an  excess  of  arsenic  add, 
or  if  the  base  with  which  it  is  combined  is  not  redudble  into 
the  metallic  state  bv  chaicoal,  the  result  of  the  calcination 
with  charcoal  is  metallic  arsenic,  which  deposits  iu  the  colder 
part  of  the  tube.  Other  combinations  treated  in  this  manner 
yield  no  metallic  arsenic,  but  are  converted  into  a  non-volatile 
metallic  arseninret.  Arseniates  mingled  with  charcoal-powder 
and  borucic  acid,  and  heated  in  a  glass  tube  closed  at  one  end, 
produce  on  the  cold  part  a  metallic  mirror. 

*  Arseniates  are  easily  distinguished  tern  all  the  substances 
whidi  have  been  hitherto  treated  of,  by  thdr  behaviour  before 
the  blow-pipe,  and  by  the  deportment  of  their  solutions  towards 
sulphuretted  hydrogen  and  liydrosulphuret  of  ammonia.  The 
behaviour  of  arsenic  acid  towards  sulphiuretted  hydrogen  has 
some  resemblance  with  peroxyde  of  tin,  but  it  differs  greatly 
from  it  by  its  behaviour  before  the  blow-pipe*.   We  shall 

'  Hub  precipitate  may  be  distingnillMd  alto  from  the  precipitate  which  8ulphur> 
•ttod  bjdnfeii  pvodnocs  in  perosyda  of  tin,  bMMue  when  boiitad  it  anblinws  with- 
out alterMtioo  in  a  thick  viscid  muB  of  a  browmdi-red  colour,  whieh,  after  cooling, 
la  traoapaTCnt  and  reddiih-jeltow,  whilat  penolphnvet  of  tin  cannot  be  eompletely 
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indicate  further  on  the  process  for  distinguishing  arseniates 
from  arsenites. 

'I' In  order  to  detect  the  presence  of  arsenic  add  or  of 
arseniates  mixed  with  a  large  quantity  of  organic  mattbe^  the 

process  is  the  same  as  tur  arsenious  acid,  to  which  substance  the 
reader  is  referred. 

3*.  ABSENIOUS  ACID,  AaO,. 
(Adde  Ammmc) 

*  AnsBNioua  add,  as  found  in  commerce,  is  a  white  powder, 
or  a  white,  >itreous,  brittle  mass,  with  a  conchoidal  fracture. 

It  mav  be  obtained  in  a  transparent  state,  but  it  becumes 
opaque  and  similar  to  china  when  left  for  a  long  time  exposed 
to  the  air,  though  it  does  not  thereby  absorb  moisture  from  the 
air Crystallised  from  its  aqueous  solution,  it  may  be  obtained 
in  the  form  of  regular  octahedra,  whidi  is  often  also  the  fonn  of 
its  sublimate. 

*  When  heated,  arsenious  acid  volatilises  in  the  form  of 
white  fumes,  which  have  not  the  odour  of  garlic,  provided  it  be 
not  in  contact,  whilst  heated,  with  organic  substances  capable 

of  effecting  its  reduction  j  in  the  contrary  case,  it  emits  an 
odour  of  garlic,  which  odour  is  exclusively  that  of  the  fumes  of 
metallic  arsenic.  ^Mierefore,  when  arsenious  acid  is  licated 
upon  a  piece  of  glass  or  upon  a  platinum  foil,  it  volatilises 
without  evolving  the  odour  of  garlic,  provided  it  be  pure,  and 
perfectly  free  from  metallic  arsenic,  and  does  not  contain  any 
organic  substance,  whilst  the  odour  of  garlic  becomes  at  once 
perceptible,  when  heated  upon  red-hot  charcoal,  or  a  plate  of 
iron.  When  a  large  quantity  of  arsenious  add  is  exposed  to  a 
high  temperature  in  dosed  vessds,  it  mdts  into  a  transparent 
glass,  an  effect  which  does  not  take  place  with  the  contact  of 
the  air. 

*  Arsenious  add  is  sparingly  soluble  in  water,  but  more  so  in 

sublimed  l>y  heat,  and  becomes  converted  into  peroxydc  of  tin  when  kepi  Al  a  red 
heat  for  a  sullicicnt  leti;;th  of  time  in  contact  witli  tlu'  air.— En. 

'  This  opacity  i«  probably  due  to  a  mechanical  change  in  the  mode  of  ag^egation 
of  it»  molecules,  but  whether  exposed  or  not  to  tlie  air,  it  always  becomes  opaque 
in  MNtne  of  timA^En. 
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cold  than  in  boUing  water'.  The  hot  solution  deposits,  on 
cooling,  anhydrous  anenious  acid,  in  octahedral  crystals.  The 
aolntion  of  this  acid  in  cold  water  may  be  evaporated^  for  a 

pretty  long  time  mthout  the  acid  separating.  It  reddens 
litmus  paper  but  feebly. 

*  Aisenions  acid  is  more  soluble  in  most  acids  than  in  water, 
especially  with  the  help  of  heat.  It  is  not  altered  by  being  thus 
dissolyed,  for  the  solution  in  acids  yields,  on  cooling,  octahedral 
crystals  similar  to  those  obtained  from  a  hot  aqueous  solution. 
The  best  solvent  of  arsenious  acid  is  muriatic  acid,  which  takes 
up  a  considerable  quantity  of  it,  especially  with  the  help  of  heat. 
"When  the  vitreous  acid  is  dissolved  in  hot  muriatic  acid,  it  oiy  s- 
tallises,  for  the  most  part,  on  cooling,  and  the  crystallisation  is 
accompanied  by  a  disenj]^af]jeraent  of  light.  Diluted  hot  sul- 
phuric acid  dissolves  much  less  arsenious  acid  than  muriatic 
acid  does.  Nitric  add  dissolves  only  very  small  quantities  of  it, 
and  does  not  convert  it  into  arsenic  add,  even  by  applying  heat. 
This  conversion  can  be  effected  only  with  aqua  regia.  Acetic 
acid  dissolves  only  a  minute  trace  of  arsenious  acid,  less  even 
than  water '. 

*  The  solutions  of  alkalies  dissolve  arsenious  add  much 
more  easily  than  water  does.   It  is  also  soluble  in  the  alkaline 

carbonates.  Yet  when  the  solution  of  an  alkaline  carbonate  is 
poured,  in  the  cold,  upon  pulverised  arsenious  acid,  no  efl'er- 
vescence  is  observable,  but  with  the  help  of  heat  a  slight  effer- 
Tescence  is  produced,  which  is  owing  to  a  disengagement  of 
carbonic  add. 

*  The  arsenites  of  alkalies  appear  to  be  the  only  salts  of  ar- 
senious add  which  are  soluble  in  water.    The  comljinations  of 

'  AcponJinjj  to  Guibourt,  100  parts  of  boiling  water  dissolve  9.68  parts  of  the 
%'itreouH  acid,  Olid  II '47  of  the  opai^uu  acid,  and  v/hen  the  solutions  are  cooled  to 
60%  1  -78  parts  of  the  first  and  2*S0  of  tlw  seoond  «re  retaimd  in  aclotica ;  liie  fivat 
■olotioa  tMetm  Htmm  paper,  Imt  the  aecond,  tut  from  leddoniiig  H,  xootara  Hm 
bhM  oolour  of  fod  fitoniw  pftpor.  Aooording  to  Klaproth,  1000  parfei  of  water  ftt 
60*  diawilTV  from  2|  to  3  of  opaque  arsenious  ncid,  and  at  212"  rather  more  than  77 
parts,  nbout  SO  parts  of  which  reinaiu  in  solution  after  cooUng. —  En. 

'  Braiide  mentions,  that  80  parts  of  alcohol  at  60'  dissolve  1  part  of  arsonioiw 
acidy  which  is  also  soluble  in  ether  and  iu  tixed  and  volatile  oils. — Eu. 
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this  acid  with  the  earths  and  the  metallic  oxvdes,  seem  to  be 
insoluble,  or  nearly  ao.  They  have  not,  however,  been  well 
ezaanined. 

*  The  arsenite  of  limc^  precipitated  by  a  solution  of  chloride 
of  calcium  from  one  of  arseuious  acid  to  which  ammonia  has 
been  added,  is  not  insoluble  in  pure  water 

*  The  aqueous  solution  of  anenions  add  produces  no  precipi- 
tate in  solntiona  of  chlobidb  of  bamuit,  chlokidb  or  stbon* 
TiuM^  and  CHLORIDS  OF  CALciiTM.  But  if  the  free  add  be 
saturated  with  ammonia,  au  abundant  white  precipitate  of 
arsenitc  of  lime  is  immediately  produced  in  the  solution  of 
chloride  of  caldum  The  solution  of  arsenious  add  saturated 
by  ammonia,  does  not  form  an  immediate  predpitate  in  one  of 
chloride  of  barimn,  but  after  a  pretty  long  time,  a  precipitate  of 
arsenite  of  baryta  is  formed.  The  same  effect  is  produced  in  a 
solution  of  chloride  of  strontium,  but  in  this  case,  when  the 
experiment  is  performed  upon  small  quantities,  the  predpitate 
of  arsenite  of  strontia  appears  only  after  several  days,  and  is 
still  less  considerable  than  that  produced  in  the  solution  of 
chloride  of  barium. 

*  JBa&yta  waiea  becomes  only  sUghtly  turbid  when  poured 
in  excess  in  an  aqueous  solution  of  arsenious  add ;  when,  on  the 
contraiy,  an  excess  of  limb  watbb  is  employed,  an  abundant 
white  precipitate  of  arsenite  of  lime  is  formed,  whidi  is  soluble 
in  an  excess  of  arsenious  acid,  and  likewise  in  one  of  muriate  of 
ammonia,  and  other  sidts  of  ammonia.  The  presence  of  free 
ammonia  does  not  diminish  its  solubility  in  these  re-agents. 
The  predpitated  arsenite  of  lime  is  but  very  sparingly  soluble 
in  solution  of  chloride  of  sodium,  and  still  less  so,  though 
not  (}iiitp  insoluble,  in  a  solution  ol"  nitrate  of  potash. 

*  bolutious  of  SALTS  olf  L£Ai>  are  not  so  delicate  for  predpi- 

>  According  to  Beneliua,  Aneaite  of  buyte  and  of  sfcroiita*  are  sl^tljr  ooluUe 

ill  water. — En. 

-  Bt'rzeliiui  uUserves,  tlmt  w  hen  the  solution  contains  ammoniacal  sal ta,  especially 
miuriata  of  ammonia,  araeaite  of  lime  is  not  precipitated ;  and,  according  to  Gieeeke, 
if  oohitioiiB  of  ammoniacal  wtltM,  for  oxamplc,  of  sulphate,  nitnto^  cr  mnriate  of 
ammonia,  be  added  to  the  araeidio  of  lime  already  pwdpitatod,  it  ia  ge-dtowlTed ;  but 
the  carbonate  and  tlic  pluisplmtc  of  ammonia  dccompoee  wtUumt  dimolniig  it.  In 
caee  of  cfaemico4egal  aoiUyaia,  thia  obeenration  is  importaot — En. 
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tating  arscuious  acid  as  for  precipitating  arsenic  acid,  even 
when  the  two  solutions  have  been  saturated  with  an  alkali. 
A  solution  of  acetate  of  lead  produces  a  precipitate  in  one  of 
arsenioDfl  acid,  saturated  with  ammonia  only,  when  the  latter 
solution  is  not  too  dilute.  The  arsenite  of  lead  produced  is 
decomposed  by  water,  whicli  takes  up  some  of  its  jirsenions  acid. 
When  precipitated  by  an  excess  of  acetate  of  lead  from  a  solu- 
tion of  arsenious  add,  saturated  with  ammoua,  the  filtered 
liquid  heing  rendered  add  and  then  treated  by  a  solution  of 
sulphuretted  hydrogen,  ^ves  a  red  precipitate,  which,  in  point 
of  colour,  resembles  suli)liurct  of  antimony,  but  after  removing 
the  excess  of  the  salt  of  lead  by  washing,  a  pure  yellow  precipi- 
tate of  sesquiBulphuret  of  arsenic  always  remains. 

A  solution  of  niteatb  of  siLTsa  determines  no  predpitate 
in  an  aqueous  solution  of  arsenious  add,  and  only  imparts  an 
opaline  yellowish-white  tinge  to  the  solution.  But  if  the  free 
add  be  saturated  by  an  extremely  minute  quantity  of  ammonia;, 
the  solution  of  nitrate  of  silver  produces  then  a  ydlow  pre- 
cipitate of  bade  arsenite  of  silver,  soluble  both  in  dilute  nitric 
add  and  in  ammonia.  This  predpitate  is  not  insoluble  in  a 
solution  of  nitrate  of  ammonia,  so  that  ^vhcn  a  small  portion  of 
the  yellow  precipitate  has  been  dissolved  in  a  large  quantity  of 
nitric  add,  it  is  not  reproduced  by  carefully  saturating  the  liquor 
with  ammonia.  This  yellow  predpitate  has  mudi  resemblance 
with  that  produced  by  nitrate  of  diver  in  solutions  of  phosphates ; 
yet  its  yellow  colour  is  not  so  faint,  and  it  is  more  soluble  in 
acetic  acid  than  the  basic  i)ho8phate  of  silver. 

^  A  solution  of  neutral  SULPHATB  of  copper  renders  an  aqueous 
solution  of  arsenious  add  scarody  turbid.  But  if  the  £ree  add 
be  saturated  by  a  feeble  quantity  of  solution  of  pure  potash,  or 
of  ammonia,  a  characteristic  }  ( Ikjw  -frreen  precipitate  of  arsenite 
of  copper  (Schcele-greeu)  is  produced.  This  precipitate  is 
soluble  both  in  an  excess  of  ammonia  and  of  potash,  and  the 
solution  in  both  cases  has  a  blue  colour.  The  green  predpitate 
may  be  reproduced  by  saturating  the  blue  solution  in  pure 
potash  with  muriatic  acid,  an  excess  of  which  re-dissolves  it. 

Both  aqueous  or  gaseous  sulphuretted  hydrogen  produces  a 
yellow  colour  in  the  aqueous  solution  of  arsenious  acid,  and  after 
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some  time,  or  more  rapidly  with  the  help  of  heat,  a  yellow  pre- 
cipitate of  sesqiiisulphiiret  of  arsenic  (sulpharsenioiis  acid)  is 
determined.  But  if  a  little  muriatic  acid  be  added  to  the  solution 
of  anenions  add,  that  of  sulphuietted  hydrogen  immediately 
produces  the  above  yellow  precipitate.  This  precipitate  is  very 
soluble  in  hydrosulphurct  of  ammonia,  and  likewise  in  a  solution 
of  pure  potash,  of  ammonia,  and  even  in  a  solution  of  carbonate 
of  potash It  has  a  deeper  yellow  colour  than  that  produced  by 
sulphuretted  hydrogen  in  the  acid  solutions  of  the  arseniates. 
It  is  also  formed  much  more  rapidly,  even  though  there  be  only 
a  minute  trace  of  arscnious  acid.  When  heated,  it  fuses  and 
sublimes  without  alteration^  if  the  experiment  be  performed  out 
of  the  contact  of  the  air.  In  order  to  distinguish  these  two 
snlphurets  from  each  other,  it  is  necessaxy,  at  the  moment  of 
their  formation,  to  dissolve  them  in  an  excess  of  ammonia,  and 
to  add  a  solution  of  nitrate  of  silver  to  the  li(|Uor ;  sulphurct  of 
silver  is  precipitated,  which  is  to  be  separated  by  filtering,  and 
the  filtered  liquid  being  exactly  saturated  with  nitric  acid,  if  a 
chooolate-brown  precipitate  of  basic  aneniate  of  silver  is  pro- 
duced, it  indicates  that  the  sulphuret  of  arsenic  produced  by 
sulphuretted  hydrogen,  was  a  pcrsulphuret  of  arsenic  (sulph- 
arsenic  acid.)  If,  on  the  contrar\%  the  precipitate  by  nitrate 
of  silver  is  a  pale-yellow  l)risic  arsenite  of  silver,  the  sulphuret 
produced  by  sulphuretted  hydrogen  was  a  sesqnisulpharet  of 
arsenic  (sulpharsenious  acid). 

HTDROStTiPHURVT  OT  AMMONIA  produccs  uo  precipitate  in 
an  aqueous  solution  of  Mi  senious  acid,  but  on  adding  a  dilute 
add  to  the  liquor,  a  yellow  precipitate  of  sesquisidphuret  of 
arsenic  (sulpharsenious  add)  is  produced. 

*  In  qualitative  analysis,  the  presence  of  arsenious  add  in  the 
arsenites,  which  are  insoluble  in  water,  is  detected  in  the  same 
manner  as  that  of  arsenic  acid  in  the  insolu))le  arseniates.  The 
arseuitc  is  to  be  dissolved  in  an  acid,  preferably  in  muriatic 
add,  and  then,  by  means  of  sulphuretted  hydrogen,  arsenious 

^  This  precipitate  is  also  sli-^litly  '.oluVile  in  pure  water,  to  which  it  imparts  a 
yellow  cnloiir,  but  if  muriatic  a*  i<l  l»o  prcsont,  it  is  not  dissolved  by  this  meustimutn, 
and  even  water  which  contains  tjomo  of  it  in  solution,  may  be  precipitated  by  adding 
nnoutic  acid,  especially  by  boiling. — Eu. 
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acid  is  precipitatccl  from  the  solution  ;  or  else,  if  the  oxyde  with 
which  the  arsenious  acid  is  combined,  is  also  prccipitable  from 
acid  loliitioiii  by  sulphuretted  hydrogen,  the  add  solution  i«  to 
be  saturated  with  ammonia,  and  then  an  excess  of  hydvosnlphuret 
of  ammonia  is  added^  which  dissolTes  the  sesquisulphuret 
of  arsenic  produced,  whilst  the  base  remains  in  the  state  of 
metaUic  sulphuret.  This  liquor  being  now  liltered,  the  arsenious 
acid  may  he  precipitated  in  the  state  of  sesquisulphuret  of  arsenic 
(anlpharsenions  add)  by  adding  dilute  muriatic  add.  This 
method  is  preferred  in  the  qualitative  analysis  of  the  green 
colours  used  by  painters,  and  which  consist  essentially  of 
anenite  of  copper. 

*  Arsenious  add  is^  however,  more  easily  detected  in  its  com- 
pounds by  means  of  the  blow«fipb  than  by  qualitative  analysis 
in  the  humid  way.  In  order  to  detect  the  presence  of  arsenic 
add  in  arseniates  by  means  of  the  blow-pipe,  the  process  is  the 
nme  as  for  the  arseniates.  It  is  in  such  a  case  equally  important 
never  to  omit  to  mix  the  compound  with  soda  hefore  exposing 
it  upon  charcoal  to  the  internal  flame,  in  order  positively  to 
ascertain  the  presence  of  arsenic  by  the  alliaceous  odour  which 
is  thereby  developed.  For  the  purpose  of  testing  for  pure 
arsenious  add  with  the  blow-pipe,  the  operator  must  likewise 
begin  by  mixing  it  with  soda  and  expose  the  mixture  upon 
charcoal  to  the  interior  flame.  The  odour  of  garlic^  which  is 
developed  whilst  blowing,  lasts  pretty  long.  When  the  operator 
neglects  to  add  soda,  the  arsenious  acid  is  ordinarily  volatilised 
with  such  a  rapidity,  that  it  often  ii  not  reduced,  and  the  pro- 
duction of  the  characterirtic  odour  fidk. 

*  When  the  object  is  to  demonstrate  in  an  exact  and  indisput- 
able manner  the  presence  of  the  smallest  quantities  of  arsenious 
acid,  it  is  indispensable  to  proceed  in  the  following  manner  : — 
A  glass  tube  is  to  be  drawn  to  a  point  until  its  diameter  is  about 
that  of  a  strong  knitting-pin,  and  the  drawn  out  portion,  which 
needs  not  be  more  than  one  inch  in  length,  is  dosed  at  the 
flame  of  the  lamp. 
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This  done,  the  operator  introduces  in  the  closed  end  a  the 
small  quantity  of  arsenious  acid  under  examination,  and  which 
may  be  less  than  1  miUigrammc  (0  0 154  grain),  and  a  whole 
piece  of  the  charcoal  need  for  blow*pipe  eiperimenta  is  slided 
down  upon  it,  and  must  occupy  the  space  between  b  and  e. 
The  tube  is  now  to  he  carefully  heated  between  b  and  c  at  the 
point  where  the  charcoal  lies,  and  when  the  charcoal  is  red  hot, 
the  point  a  is  to  be  heated,  so  that  the  fiimes  of  arsenious  add 
are  obliged  to  pass  upon  the  red-hot  charcoal;  the  add  is  thereby 
reduced,  and  produces  in  the  colder  part  of  the  tube  at  a  bUusk 
mirror  of  metallic  arsenic.  The  best  way  of  lieating  the  tube 
consists  in  simply  thrusting  it  in  the  flame  of  a  spirit-lamp 
without  using  the  blow-pipe.  If  the  quantily  of  anenious  add 
be  Tery  inconsiderable,  a  black  coating  only  is  obtained  between 
c  and  d.  But  it  is  easy  with  the  flame  of  the  blow-pipe  todriye 
the  subUmate  farther  on,  and  to  collect  it  there  in  the  form  of  a 
narrow  ring  of  metaUic  arsenic.  The  tube  must  now  be  cut  at 
e,  and  heated  for  a  moment  at  dm  the  flame  of  the  spirit-lamp, 
in  order  to  be  conyinoed,  by  the  odour  of  gadic  which  is  then 
disengaged,  that  the  mirror  obtained  was  really  produced  by 
metalUc  arsenic. 

♦When,  in  the  experiment  just  described,  pulverised  charcoal 
is  employed  instead  of  a  whole  fragment  of  charcoal,  the  air 
between  the  particles  of  the  charcoal  is  dilated,  and  when  heat 
is  not  carefully  applied,  some  charcoal  powder  may  pass  in  the 
larger  part  of  the  tube,  wiiich  it  blackens  ur  soils ;  wliiist  by 
using  a  whole  fragment  of  charcoal  the  experiment  always 
succeeds,  even  when  the  quantity  of  arsenious  add  is  so  small 
as  to  be  imponderable  with  the  most  delicate  scales. 

*  All  arsenites  appear  to  nndergo  decomposition  by  exposure 
to  a  red  heat ;  yet  the  phenomena  which  are  manifested  during 
their  ignition  haVe  not  yet  been  studied  with  the  care  th^ 
deserve.  Most  arsenites,  when  heated,  }neld  metaUic  arsenic 
and  are  converted  into  arseniates.  When  mingled  with  pulve-  . 
rised  charcuid  and  ignited,  those,  the  bases  of  which  are  very 
easily  reducible,  are  converted  into  metallic  arseniurets ;  such 
is  the  case,  for  example,  with  arsenite  of  copper  (Schede's 
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grreen),  but  with  those,  the  bases  of  which  are  not  reducible 
by  charcoal,  the  arsenious  acid  only  is  reduced,  and  then  it 
TolatiUaes  in  the  state  of  metaUic  aisenie;  such  is  tbe  case^ 
for  example,  ^th  arsemte  of  lime.   In  ehemico-legal  analyses 

often  very  minnte  traces  only  of  arscnite  of  lime  arc  obtained, 
and  there  is  no  better  way  to  demonstrate  the  presence  of  arsenic 
therein  than  by  means  of  pulverised  charcoal.  It  is  done  as 
follows: — ^The  aisenite  of  lime  is  to  be  dried^  the  quantity 
employed  need  not  be  greater  tban  a  few  milligrammes  \  and 
then  mingled  with  about  three  tiinch  its  bulk  of  pulverised 
charcoal  recently  ignited  ;  this  done,  the  mixture  is  to  be  intro- 
duced in  the  little  bulb  a,  blown  at  the  extremity  of  a  pretty 


strong  small  tube,  and  the  interior  of  the  tube  is  to  be  carefully 

cleaned  with  the  feather  of  a  quill  in  order  to  remove  the 
charcoal  dust  which  might  have  adhered.  The  bulb  a  is  now  to 
be  heated  at  first  very  gently  upon  an  aigand  spirit*lamp, 
taking  care  to  incline  the  tube  as  shown  in  the  figure,  and  the 
heat  is  gradually  augmented  until  the  bulb  o  becomes  red  hot ; 
the  r(  (luced  arsenic  condenses  in  b.  If  the  tube  were  less 
inclined,  the  water,  which  is  always  disengaged  during  the  opera- 
tion, would  fall  back  in  the  red-hot  bulb^  and  would  break  it ;  and 
if  at  the  beginning  the  bulb  was  too  strongly  heated,  the  char- 
coal powder  would  be  projected  and  would  sofl  the  tube.  This 
last  inconvenience  may,  however,  be  prevented  as  proposed  by 
Stromeyer,  by  mingling  the  arsenite  of  lime  with  some  oxalate 
'  of  lime,  which  reduces  arsenious  add  as  well  as  pulverised 
charcoal. 

>  See  at  the  end  the  oomspondiiig  Eqglieh  iraiglitB^ED. 
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*  If  to  the  mixture  of  arsenite  of  lime  and  charcoal  a  Httle 
boracic  acid  be  added,  tlic  reduction  is  effected  not  only  at  a 
lower  lieat,  but  iu  a  more  complete  manner  still. 

*  When  in  chemico-legal  analyses  more  considerable  quan- 
tities of  arsenite  of  lime  are  obtainedj  the  reduction  of  the 
arsenious  acid  into  metallic  arsenic  may  be  perlbnned  in  a 
hiiiidl  retort. 

*  iSonictimcs  it  happens,  in  the  course  of  a  chemico-legal 
analysis,  that  axseniate  of  lime  is  obtained  instead  of  the  arsenite 
of  that  base,  but  the  reduction  into  metallic  arsenie  is  effected 
in  the  same  manner,  only  the  addition  of  boracic  acid  is  more 

necessary  in  such  a  case  than  for  the  reduction  of  arsenite  of 
lime. 

*  Bnt  in  order  thus  to  demonstrate  the  presence  of  the 
metallic  arsenic  contained  in  the  arsenite  or  aneniate  of  lime, 
it  is  necessary  that  this  salt  be  not  mixed  with  too  large  a 

quantity  of  or<^anic  matter,  because  the  empyreumatic  oil 
produced  during  the  ignition  might  conceal  a  small  portion  of 
arseniGi,  so  much  so  that  it  might  actually  be  difficult  to 
perceiTe  it. 

*  Arsenious  acid  and  its  compounds  are  so  easily  detected, 

especially  with  the  blow-pipe,  that  their  presence  cannot  be 
mistaken ;  it  is  with  the  arseniates  only  that  the  arsenites  may 
be  confounded,  and  in  some  cases  it  is  very  difficult  to  distin« 
gmsh  them  from  each  other.  The  arsenites  which  are  soluble 
in  water,  however,  are  identified  by  the  colour  of  the  precipitates 
formed  i)y  nitrate  of  silver  and  sulphate  of  copper  in  tlieir  solu- 
tions. They  may  also  be  recognised,  but  less  readily,  by  the 
more  or  less  deep  colour  of  the  precipitate  produced  by  sulphur- 
etted hydrogen  in  their  acid  solution,  and  likewise  by  the  more 
or  less  prompt  production  of  this  precipitate.  The  soluble 
arsenites  may  also  be  distinguished  from  the  sohible  arseniates, 
because,  when  the  solution  of  a  salt  of  lime  is  poured  in  their 
solution,  dissolving  the  precipitate  thereby  produced  iu  a  suffi- 
cient quantity  of  an  add  of  whatever  kind,  the  addition  of  an 
excess  of  ammonia  determines  a  precipitate  which  appears  more 
speedily  in  solutions  of  arseniates  than  in  those  of  arsenites. 
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*  Tlie  salts  of  the  two  acids  iiisolul)le  in  water  mav  be  distin- 
guished  by  dissolviug  them  in  muriatic  acid,  aud  precipitating  by 
solpbuietted  hydrogen.  The  sulphuret  of  anenic  thereby  pro- 
duoed  is  examined,  as  has  been*  said,  page  342,  in  order  to 
ascertain  whether  it  coiTesponds  to  arsenic  or  to  arseuioiLs  acid. 

*  The  presence  of  organic  substances,  principally  those 
which  are  not  Yolatilej  modifies  the  behaviour  of  arsenions  acid 
and  its  compounds  towards  several  re-agents :  wherefore,  when  a 
chemist  is  legally  requested  to  examine  qualitatively  organic 
substances  which  have  been  poisoned  by  arsenious  acid,  less 
importance  must  be  attached  to  the  phenomena  produced  by 
re-agents  in  such  solutions,  aud  which  might  lead  to  infer  the 
preaenoe  of  this  add,  because  several  of  these  phenomena  may 
be  produced  by  organic  substances  alone. 

*  When  a  solution  of  arsenious  acid  in  water  contains  certain 
non-volatile  organic  substances,  for  example,  sugar,  this  foreign 
mixture  does  not  hinder,  but  it  retards  the  formation  of  the 
precipitate  produced  by  an  excess  of  lime  water.  The  presence 
of  other  organic  substances,  tvhUe  wme,  for  example,  retards  also 
the  precipitation  of  arscnite  of  lime,  which  besides  has,  in  such 
a  case,  quite  a  diftereut  appearance. 

*  When  the  solution  of  anenites  contains  at  the  same  time 
■everal  non-volatile  but  uncoloured  organic  substances,  the  pred- 
pitate  produced  by  nitrate  of  silver  loses  its  yellow  colour  by  long 
standing,  and  gradually  becomes  blaclc.  Nitrate  of  silver  poured 
in  a  coloured  solution  ordinarily  yields  an  immediate  precipitate 
of  a  dingy  colour. 

*  The  yellowish-green  precipitate,  which  a  solution  of  nitrate 
of  copper  determines  in  the  solutions  of  arsenites  of  alkalies,  is 
not  sensibly  altered  when  the  liquor  contains  non-volatile  organic 
substances.  It  is  also  the  case  with  the  precipitate  produced  by 
w^lfhrnretted  kydrogm  in  the  solutions  of  arsenites  which  have 
been  acidulated  with  muriatic  add.  When,  however,  the  solu- 
tions are  strongly  coloured,  the  yellow  colour  of  the  predpitate 
produced  by  sulphuretted  hydrogen  is  difficult  to  perceive. 

«  It  is  admitted  that  of  all  the  re-agenta  which  have  been 
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enumerated,  sulphuretted  hydrogen  is  the  most  to  be  depended 
upon  to  recoguise  arseuious  jicid  when  tlic  solutions  are  not 
too  highly  coloured.  There  are  eases,  however,  in  which  this 
re-agent  produces  an  abundant  yellow  precipitate  in  add  solutions 
which  do  not  contain  a  trace  of  anenions  add  or  even  of  metaUic 
oxydes  in  general.  Such  is  the  case,  for  example,  when  ▼cry 
fat  meat  is  boiled  for  a  verj'  long  time  with  a  solution  of  potash, 
supersaturating  the  alkaline  liquor  with  muriatic  or  nitric  acid 
and  filtering.  Also  when  sudd  meat  is  boiled  for  a  long  time 
with  dther  of  these  adds  onty,  dilating  the  liquor  with  water, 
and  filtering,  by  which  last  operation  a  clear  liquid  is  often 
difficultly  obtained.  In  either  case  sulphuretted  hydrogen  gas 
produces  in  such  a  filtered  liquid  an  abiuidant  yellow  precipitate. 
The  same  effect  is  also  produced  when  this  solution,  being 
saturated  with  an  alkali,  and  hydrosolphuret  of  ammonia  added, 
muriatic  add  is  fbrther  poured  into  it  until  it  becomes  add. 

*  Still  less  than  sulphuretted  hydrogen  can  sulphate  of  copper 
be  considered  a  certain  re-agent  to  detect  arsenious  add,  because 
several  slightly  coloured  decoctions  of  organic  substances  may 
thus  produce  a  yellowish*green  predpitate  similar  to  that  which 
arsenious  add  forms  with  this  re-agent,  especially  when  a  small 
quantity  of  potash  is  added.  Thus,  for  instance,  a  decoction  of 
unroasted  coffee  determines  in  solutions  of  a  certain  quantity  of 
sulphate  of  copper,  after  addition  of  a  little  potash,  a  green 
predpitate,  the  hue  of  which  resembles  very  much  that  of  arsenite 
of  copper  j  yet  the  supernatant  liquor  is  also  of  a  green  colour 
and  the  precipitate  itself  dissolves  in  an  excess  of  solution  of 
potash,  to  which  it  imparts,  not  a  blue,  but  a  green  colour.  The 
green  predpitate  which  a  solution  of  sulphate  of  copper,  with 
the  addition  of  a  little  potash,  produces  in  a  decoction  of  onion 
resembles  arsenite  of  copper  still  more.  It  is  so  much  the  more 
important  to  bear  tins  in  mind,  that  a  solution  of  nitrate  of  silver 
determines  also  in  a  decoction  of  onion,  with  addition  of  a  drop 
of  ammonia»  a  yellow  predpitate,  soluble  in  dilute  nitric  add 
and  in  ammonia^  and  whidi  resembles  arsenite  of  silver.  Yet 
the  hue  of  this  precipitate  is  more  dingy  than  that  of  arsenite 
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of  silver,  and  it  spontaneously  turns  black  by  long  standing. 
A  solution  of  unroasted  coffee  yields  with  nitrate  of  nlver  a 
white  precipitate  only,  which  the  addition  of  a  drop  of  ammonia 
immediately  renders  black. 

*  When  the  o})iect  in  view  is  to  know  whether  au  organic 
substance  contains  arseuious  acid,  two  methods  may  be  resorted 
to  for  the  purpose  of  separating  this  add  so  as  to  be  able  to 
obtain  metallic  arsenic,  and  thus  become  utterly  convinced  of 
the  presence  of  this  metal. 

*  One  of  the  methods  consists  in  precipitating  arsenious  acid 
by  means  of  lime  water  in  the  state  of  arsenite  of  lime ;  the 
other,  by  means  of  sidphuretted  hydrogen,  in  the  state  of 
sulphuret  of  arsenic. 

*  When  the  organic  substance,  poisoned  by  arsenious  acid, 
fbras  a  turbid  solution  instead  of  a  clear  one;  or  when  small  quan- 
tities of  arsenious  acid  are  mixed  with  solid  or  pasty  substances, 
it  is  first  of  all  ncccssazy  to  examine  whether  the  sediment  of  the 
liquor  or  the  solid  or  pasty  substance  -contains  any  undissolved 
arsenious  add.  From  the  sparing  solubility  of  arsenious  add  in 
water  it  generally  occurs  that  in  most  cases  of  poisoning  the 
acid  has  not  been  taken  in  complete  solution,  but  in  powder  or 
in  fragments  mixed  with  the  poisoned  substance.  In  order  to 
separate  mechanically  the  undissolved  arsenious  add,  cold  water 
is  to  be  poured  on  the  substance,  and  the  mixture  ii  to  be  well 
stirred.  The  arsenious  add  frequently  settles  at  the  bottom 
with  the  other  substances  with  which  it  is  associated.  If  a 
grain,  however  small,  of  arsenious  add  be  thus  obtained,  it  is 
easy  to  extract  metallic  arsenic  there&om  by  the  means  which 
have  been  previously  indicated  (page  844). 

*  If  no  parcel  of  solid  add  be  found,  the  whole  mass  must  be 
subDiittrd  to  chemical  analysis.  For  tliis  purpose  a  method  is 
followed  v\  hich  my  father  was  the  first  to  propose.  The  solid 
organic  substance  is  to  be  chopped  into  small  pieces,  for 
example,  the  whole  of  the  stomach  of  the  poisoned  person,  and 
it  is  boiled  with  its  contents  in  a  porcelain  dish,  with  a  suffident 
quantity  of  water,  to  which  from  eight  to  fifteen  grammes  (1 20  to 
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245  grains)  of  pure  potaab  have  been  added^  according  to  tbe 
more  or  less  considerable  quantity  of  organic  matter  under 
examination.   The  pasty  substances,  such,  for  example,  as  have 
been  ejected  by  vomiting,  must  be  treated  in  the  same  manner. 
If  no  solid  arsenious  acid  is  fouud  therein  after  boiling,  tbe 
liquor  must  be  passed  through  a  piece  of  lineu  by  pressing. 
The  residuum  may  be  treated  a  second  time  in  the  same  manner, 
with  half  the  quantity  of  water,  and  the  two  expressed  liquids 
are  mixed.   By  this  process  all  the  arsenious  acid  is  dissolved, 
whether  it  was  hidden  in  the  folds  of  the  stomach,  or  whether 
in  extremely  fine  powder,  because  the  potash  added  facilitates 
very  much  its  solution.    The  potash  dissolves  at  the  same  time 
a  great  portion  of  the  organic  substance,  owing  to  which  the 
liquor  has  a  very  dark  colour.   This  expressed  liquid  is  now  to 
be  heated,  and  nitric  acid  gradually  added  until  the  liqiiid  has 
become  acid,  and  of  a  f::olden-yellow  colour.    After  complete 
cooling  it  is  to  be  filtered,  in  order  to  remove  the  grease  which 
has  separated ;  carbonate  of  potash  is  then  to  be  added  to  the 
solution,  in  sufficient  quantity  almost  to  saturate  it,  but  not 
quite,  and  it  is  to  be  boiled  for  a  few  minutes,  in  order  to  expel 
the  carbonic  acid.    An  excess  of  lime  water  is  now  to  be  poured 
in  tbe  liquor,  which  is  clear,  and  slightly  acid,  and  before  sepa- 
rating by  filtration  the  precipitate  which  is  thus  produced, 
the  whole  must  be  boiled  for  some  time*   This  precipitate,  if 
arsenious  acid  be  present,  consists  of  arsenite  of  lime,  ordinarily 
mixed  with  some  phosphate  of  lime,  und  a  very  minute  (juantity 
of  organic  matter ;  sometimes  also  it  contains  arseniate  of  lime : 
it  is  collected  on  a  filter,  well  washed,  and  carefully  dried. 
When  only  a  very  small  quantity  is  thus  obtained,  it  should  be 
ignited,  as  has  been  said  (page  34.")),  in  order  to  extract  metallic 
arsenic  therefrom.     If,  huwcvcr,  the  precipitate  obtained  is 
more  copious,  it  is  to  be  introduced  into  a  small  glass  retort, 
to  which  a  small  receiver  is  connected,  and  gradually  heated  to 
redness  upon  charcoal ;  a  coating  of  metallic  arsenic  is  thus  formed 
in  the  roof  of  the  retort,  or  in  the  posterior  part  of  its  neck. 
*  This  method  always  gives  a  cert{du  result  when  the  (quantity 
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of  arseuious  acid  contained  in  the  poisoned  substance  is  not  too 
small ;  but  it  cannot  be  employed  to  detect  very  minute  traces 
of  anemons  acid,  because  arsenite  of  lime  is  soluble  in  a  great 

number  of  salts,  particularly  in  solution  of  chloride  of  sodium, 
and  even  in  solution  of  nitrate  of  potash,  of  which  latter  sub- 
stance the  liquor  under  examination  in  the  process,  which  has 
just  been  described,  contains  a  large  proportion.  But  as  arsenite 
of  lime  is  very  soluble,  more  especiaiUy  still  in  muriate  of  ammo- 
nia and  other  salts  of  ammonia,  it  is  ncccssjuy  to  follow  exactly 
the  rules  wliich  have  been  exposed,  and  not  to  employ  ammonia 
instead  of  carbonate  of  potash  for  the  purpose  of  bringing  the 
nitric  add  liquor  almost  to- a  state  of  saturation ;  for,  in  sndbt  a 
case,  no  precipitate  of  arsenite  of  lime  would  be  produced  by 
addition  of  lime  water. 

*  The  second  method  for  determining  arsenious  acid  in  organic 
9ub$tanee$  consists  in  reducing  it  to  the  state  of  sulphuret  of 
arsenic  by  means  of  sulphuretted  hydrogen  gas.  If  the  liquor 
in  which  the  presence  of  arsenious  acid  is  suspected  be  perfectly 
clear,  it  may  be  easily  rendered  acid  by  adding  a  little  muriatic 
acid,  and  a  current  of  sulphuretted  hydrogen  gas  is  passed 
through  it  until  complete  saturation.  It  must  then  be  left  at 
rest  in  a  cold  or  sli<j:htly  warm  place,  in  order  that  the  sesqui- 
sulphuret  of  arsenic  (sulpharscnious  acid)  may  completely  settle ; 
when  it  has  entirely  lost  tlio  odour  of  sulphuretted  hydrogen 
the  sulphuret  of  arsenic  is  to  be  collected  upon  the  smallest 
possible  filter,  and  well  washed. 

*  When  the  liquor  which  is  suspected  to  contain  arsenic  is 
alkali  HO,  liydrosulphurct  of  ammonia  may  be  added,  and  the 
sulphuret  of  arsenic  which  has  been  thereby  produced  may  be 
precipitated  by  muriatic  acid.  By  this  process,  and  by  leaving  the 
liquor  at  rest  until  it  smells  no  longer  of  sulphuretted  hydrogen, 
the  arsenic  is  totally  precipitated.  This  process  should  be  adopted 
when  the  liquor  contains  arsenic  acid  instead  of  arsenious  acid; 

•for  the  former  acid  is  more  difficult  to  precipitate  an  acid 
solution  by  sulphuretted  hydrogen  than  arsenious  add. 

*  But  for  greater  security  it  is  necessary  to  endeavour  to 
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obtain  arsenic  in  the  metallic  state  from  the  !sul[>hurct  of  arsenic  ; 
the  operation  is,  however,  attended  with  more  difficulty  than 
when  we  have  to  deal  with  aneniona  add  and  its  combinations. 
If  teaqniralphuret  of  anenic  (snlphaneniona  add)  be  treated 
upon  charcoal  before  the  blow-pipe,  it  is  volatilised  without 
emitting  any  odour  of  garlic ;  even  wlien  rniiif^lcd  with  soda  and 
the  mixture  is  heated  in  the  interior  fiainc  of  the  blow-pipe,  the 
odour  is  not  veiy  sensibly  developed.   When  sesquisulphuret  of 
arsenic  is  heated  before  the  Uow-pipe  in  a  somewhat  long  glass 
tube  open  at  both  ends,  and  held  at  a  very  acute  angle,  it  is  con- 
verted into  sidphurou.s  acid,  which  disengages,  and  into  arsenious 
acid,  which  condenses  under  the  form  of  a  white  subUmatc 
in  the  upper  and  cold  part  of  the  tube.  If  the  tube  be  less  indined 
it  is  converted  into  hyparsenious  sulphuret,  [protosulphuret  of 
arsenic,  or  realgar,  AsS,]  which  snblimes  and  condenses  not  fiir 
from  the  point  exposed  to  the  heat.    In  order  to  obtain  metallic 
arsenic  from  a  pretty  large  quantity  of  sesquisulphuret  of 
arsenic,  a  portion  thereof  may  be  oxydised  in  a  tube  open  at 
both  ends,  and  the  arsenious  add  produced  may  then  be  reduced 
to  the  state  of  metallic  arsenic.   The  process  adopted  to  this 
eflTect  is  as  follows  : — ^The  sesquisulphuret  of  arsenic  is  to  be 
introduced  into  an  open  glass  tube  of  tlio  diameter  of  a  qiull, 
and  four  or  five  inches  long ;  this  tube  is  to  be  hdd  as  obliquely 
as  possible,  and  heated  before  the  blow-pipe  precisely  on  the 
point  occupied  by  the  sulphuret,  the  vapours  of  which  traverse 
the  heated  portion  of  the  tube,  and  are  oxydised ;  this  roasting 
must  be  effected  very  slowly,  in  order  that  nothing  should  escape 
burning,  and  then^  by  means  of  the  flame  of  the  blow-pipe 
directed  upon  the  arsenious  add  which  has  deposited  in  the 
cold  part  of  the  tube,  the  whole  may  be  collected  to  one  point, 
immediately  below  which  the  tube  may  be  drawn  to  a  point,  as 
has  been  said  above,  (page  34 1 ),  into  which  drawn  part  of  the 
tube  the  arsenious  acid  may  be  driven,  and  reduced  by  means  of 
a  fragment  of  charcoaL   An  unskilful  hand  very  seldom  sue-  ^ 
ceeds  in  this  experiment  in  conducting  the  roasting  in  a  proper 
manner,  but  experience  suggests  the  necessar)'  precautions. 
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*  When,  in  chemico-legal  analysis,  a  very  small  quantity  only 
of  sesquisulpliiuefc  of  aneuic  has  been  obtained,  the  method 
which  has  jnst  been  described  fat  obtabiing  metallic  anenic 
■honld  not  be  lesorted  to,  for  fear  it  should  not  succeed.  The 
best  way,  then,  according  to  Berzelius,  is  as  follows : — The  scsqui- 
sulphuret  of  arsenic  is  to  be  collected  on  a  very  small  filter,  on 
which  it  is  to  be  dried,  and  it  is  to  be  detached  from  the  paper 
with  all  possible  care.  When  the  quantity  of  sesqnisalphuret  of 
arsenic  obtained  is  so  small  that  it  cannot  be  separated  from 
the  filter,  it  is  to  be  dissolved  upon  the  paper  itself  by  a  few 
drops  of  ammonia,  and  the  solution  being  evaporated  at  a  gentle 
heat  upon  a  watch-glass,  the  sulphuret  may  then  be  easily 
detaidied  from  the  glass. 

*  This  sulphuret  is  then  to  be  mingled  with  an  excess  of  soda, 
and  kneaded  iuto  a  paste  with  a  little  water,  as  is  commonly  done 
for  tests  with  the  blow-pipe.  The  moist  mass  is  then  introduced 
into  a  {^ass  tube  about  one-sixth  part  of  an  inch  in  diameter, 
and  one  or  two  inches  long;  one  end  of  this  tnbe  may  be  drawn 
into  a  point  open  at  the  end,  but  this  drawn  portion  must  not 
be  too  narrow.  Ordinarily  the  moist  mass  is  taken  with  a 
knife,  and  therewith  introduced  into  the  larger  end  of  the  tube. 
The  small  tube  is  then  slid  in  the  middle  of  another  glass  tube 
of  a  larger  bore,  and  of  a  greater  length,  but  likewise  drawn  at 
one  end  into  a  long  point,  open  at  the  end.  The  whole  is  now 
united  by  means  of  a  tube  of  caoutchouc  to  an  apparatus  for 
disengaging  hydrogen  gas,  in  such  a  manner  that  the  portion 
of  each  tube  which  is  drawn  to  a  point,  be  placed  opposite  the 
phial  from  which  the  hydrogen  is  disengaging. 

*  In  the  following  figure,  a  is  a  flask  containing  water  and 


zinc,  from  which  hydrogen  gas  is  evolved  by  pouring  sulphuric 
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acid  through  the  funnel  b ;  the  gas  evolved  traverses  first  the 
bulbs  cc,  in  which  the  f^catest  part  of  the  water  which  it  has 
mechanically  carried  with  it  is  deposited ;  hoiir<*  it  passes  into 
the  glass  tube  d,  united  to  the  disengaging  flask  by  a  tube  of 
eaontchonc,  and  which  tube  d  is  filled  with  fragments  of  fused 
chloride  of  calcium,  for  the  purpose  of  completely  desiccating 
the  hydrogen  gns.  From  tliis  tube  the  gas  passes  into  the 
tube  e  f  connected  with  it,  and  in  the  middle  of  which  the  small 
tube  j7  A  is  placed,  which  contains  in  g  the  mixture  of  snlphuret 
of  arsenic  and  of  carbonate  of  soda. 

*  "When  the  whole  apparatus  is  fnU  of  hydrogen  gas,  which 
must  pass  throuj^h  it  slowly,  the  tube  is  to  he  very  gently 
heated  at  ff,  where  tlie  mixture  is,  in  order  to  expel  the  water ; 
if  the  extremity  h  of  the  small  tube  be  drawn  to  too  fine  a  point 
its  opening  will  be  obstructed  by  a  drop  of  water,  and  in  that 
case  the  current  of  hydrogen  gas  will  pass  only  throut^h  the 
large  tube,  which  dithculty  may  at  once  be  removed  by  leaving 
this  opening  in  h  sufficiently  large.  As  soon  as  the  mixture  is 
dry,  it  must  be  very  rapidly  heated  with  the  flame  of  a  spirit* 
lamp  with  circular  wick.  The  hydrogen  gas  then  reduces  the 
arsenic  contained  in  the  sulpharsenite  of  soda,  and  metallic 
arsenic  condenses  in  i.  If  it  be  heated  too  slowly,  a  small 
quantity  of  undecomposed  sulpharsenious  add  is  sublimed  at 
the  same  time.  By  this  process  the  presence  of  metallic  arsenic 
is  actually  demonstrated,  even  when  the  experiment  is  performed 
with  the  smallest  possible  quantity  of  sescjuisulplmn  i  of  arsenic 
[Sulpharsenious  acid].  It  is  absolutely  indispensable  to  pass 
the  hydrogen  tlu-ough  fused  chloride  of  calcium,  for  frequently^ 
if  the  gas  be  damp,  the  reduction  does  not  succeed  in  operating 
upon  small  quantities  of  sesquisulphuret  of  arsenic. 

*  Liehig  has  indicated  a  simpler,  but  less  accurate  method  of 
obtaining  metallic  arsenic  from  very  small  quantities  of  sesqui- 
sulphuret of  arsenic.  It  consists  in  drawing  out  a  glass  tube 
until  it  has  obtained  about  the  diameter  represented  in  the 
figure. 
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'I'  In  the  drawn  out  portion  a  small  quantity  of  the  dry 
Bulphuret  of  araenic  about  to  be  examined  is  introduced,  upon 
which  a  layer  of  recently  chaired  tartrate  of  lime  is  placed,  but 
withont  mixing  the  two^  hnt  so  as  nearly  to  fill  the  drawn  out 

portion  b.  This  bcin^  done,  the  part  which  contains  the  carbo- 
nised tartrate  of  lime  is  to  be  heated  verj^  gently,  and  the  best 
way  of  effecting  this  is  to  expose  it  to  the  low  flame  of  a  spirit- 
lamp  with  circular  wick.  The  heat  must  be  gradually  increased, 
and  when  the  carbonised  tartrate  of  lime  is  red  hot,  the  extre- 
mity b  of  the  tube  must  be  put  in  tlie  flame.  The  funics  of 
sulpharscnious  acid  traversing  then  tlie  red  hot  mixture  of  lime 
and  charcoal,  are  decomposed,  the  sulphur  combines  with  the 
lime,  forming  sulphnret  of  calcium,  ozyde  of  carbon  gas  is  dis- 
engaged, and  metallic  arsenic  is  deposited  at  a.  But  it  often 
happens  in  this  experiment,  that  the  greatest  portion  of  the 
sulpharscnious  acid  is  sublimed  without  decomposition,  when  the 
carbonaceous  mixture  is  not  hot  enough  during  the  passage  of 
the  abore  fbmes.  Wherefore,  when  the  operator  has  only  a 
very  small  quantity  of  sulpharsenions  acid  to  operate  upon, 
Berzelius'  method  is  preferable  to  that  of  Liebig,  though  it  is 
more  complicated. 

*  According  to  Simon,  pure  Ume  may  also  be  employed  for 
the  purpose  of  oonyerting  very  small  quantities  of  sulphar- 
senious  acid  into  metallic  arsenic.  A  small  quantity  of  that 
substance  must  be  introduced  into  a  tube  about  one-sixth  of 
an  inch  in  diameter  and  closed  at  one  end,  and  upon  it  some 
lime  which  has  been  recently  prepared  by  igniting  hydrate 
of  Ume,  is  placed.  The  bulk  of  the  lime  must  be  four 
times  that  of  the  snlphnret.  About  one-foorth  of  an  inch 
above  the  lime,  and  where  the  arsenic  will  be  deposited,  the 
tube  must  be  slightly  drawn  out,  in  order  to  ofl^er  as  little 
surface  as  ])ossible  to  the  metal.  The  operator  then  begins  by 
hfffttipg  the  lime  to  redness,  and  next  the  sulphuret  of  arsenic, 
in  order  to  cause  its  fiunes  to  pass  throng|i  the  red-hot  lime, 
and  the  metallic  arsenic  is  deposited  in  the  narrow  part  of 
the  tube. 

A  A  2 
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*  In  this  method  it  is  necessary  carefully  to  prevent  the 
fumes  from  expelling  the  lime^  which  always  takes  place 
when  the  ktter  suhstanoe  is  too  much  pressed  npon  the  sol- 
phufet.  If  this  mode  of  operation  is  carried  on  npon  larger 
quantities  than  five  centi|;i  amines  (0'7015  ^.),  a  portion  escapes 
without  being  decomposed,  because  more  lime  must  in  this 
case  be  emplc^d^  and  it  is  then  difficult  to  keep  it  at  a  red 
beat  without  bending  the  tube.  The  spirit-lamp  with  circolar 
wick  is  best  for  heating  the  lime,  and  the  operator  must  so 
manage  the  heat  that  tlie  glass  tube  docs  not  fuse. 

*  Tlic  decomposition  of  the  sesquisulphiiret  of  arsenic  is 
effected  quite  as  well  as  by  the  above  processes,  by  mingling  it 
in  a  dry  state  with  oxalate  qf  Ume  in  a  glass  tube  of  a  small 
bcnre,  closed  at  one  end,  and  bringing  the  mixture  to  a  red  heat 
by  means  of  tlie  spirit-lamp  with  circular  wick.  It  is  true,  that 
sometimes  a  small  portion  of  the  sulphuret  escapes,  but  the 
most  part  is  decomposed,  and  metallic  araenic  is  deposited  in 
the  colder  part  of  the  tube.  When  the  arsenions  sulphuret  is 
mingled  with  an  excess  of  oxalate  of  lime  and  a  little  carbonate 
of  ammonia,  the  reduction  into  metallic  arsenic  is  more  com- 
plete still.  By  this  process  there  is  no  fear  that  by  heating 
too  rapidly,  the  mass  should  heave  up, — a  circumstance  of 
firequent  occurrence  when  carbonised  tartrate  of  lime  or  pure 
lime  is  employed. 

*  The  extraction  of  metallic  arsenic  from  sesquisulphiu*et  of 
arsenic  acid  may  also  be  very  successfully  effected  by  the  fol- 
lowmg  method,  proposed  by  Fischer  :->The  sulphuret  is  to  be 
dissolved  in  an  excess  of  ammonia^  which  leaves  the  sulphur 
with  which  it  might  be  mixed  undissolved.  A  solution  of 
nitrate  of  silver  is  now  to  be  added  to  the  liquor  until  a  black 
precipitate  of  sulphuret  of  silver  is  no  longer  produced ;  this 
precipitate  is  to  be  separated  by  filtering,  and  to  the  filteted 
liquid  a  little  chloride  of  sodium  is  added  for  the  purpose  of 
converting  the  arsenite  of  silver  into  chloride  of  silver,  after 
which,  it  is  to  be  carefully  evaporated  to  dryness.  The  dry 
mass  consists  of  arsenite  and  nitrate  of  soda,  chloride  of  silver. 


Digiii<iL.a  oy  Google 


AB8EKI0US  ACID. 


357 


aud  chloride  of  sodium,  of  whicli  au  excess  has  been  employed; 
it  is  thea  to  be  mixed  with  charcoal-powder  and  tl^  whole 
heated  in  a  gkus  tube,  as  we  have  said  (page  845),  by  which 
means  a  minor  of  arsenic  may  be  obtained.  The  precautions 
wliich  must  be  observed  in  this  operation  consist,  first,  in 
dissolving  the  sulphuret  of  arsenic  in  a  quantity  of  ammonia, 
which  must  be  such  that  the  anenite,  and  subsequently  the 
chlmde  of  ailTer,  must  also  dissohre  completely  in  this  re-agent; 
then  to  poor  on  the  ammoniacal  solution  of  the  sulphuret  only 
the  necessary  quantity  of  solution  of  nitrate  of  silver,  because 
otherwise,  if  the  dry  mass  contained  too  much  nitrate  of  soda, 
it  might  afterwards  detonate,  when  it  is  ultimately  heated  with 
the  pulveriaed  charcoal.  The  sesquisulphuret  of  arsenic  preci- 
pitated from  the  solutions  of  arsenic  acid  by  means  of  hydro- 
sulphuret  of  ammonia,  may  be  treated  in  the  same  way ; 
arseniate  of  silver  is  formed  in  the  ammoniacal  solution,  after 
the  addition  of  the  nitrate  of  sil?er.  This  method  may  espe- 
cially be  employed  in  those  cases  where  the  arsenious  sulphuret 
collected  upon  a  filter  is  so  small  that  it  cannot  be  satisfectorily 
detached.  The  filter  is  then  digested  in  ammonia,  and  the 
ammoniacal  hquor  is  treated  as  we  have  said. 

*  When  arsenions  acid  has  to  be  detected  in  an  orgame  tub' 
tianee  in  the  solid  or  in  the  pasty  state,  or  in  a  liquor  to  which 
organic  substances  have  imparted  a  very  dark  colour,  the  sub- 
stance must  be  treated  by  potash,  exactly  as  it  must  be  done 
for  the  couTersion  of  arMuious  add  into  arsenite  of  lime,  as  we 
hare  said  (page  860).  The  alkaline  liquor  is  then  to  be  deoo- 
loriaed  by  nitrie  add,  filtered,  and  cooled,  after  which  a 
current  of  sulphuretted  hydrogen  is  passed  through,  and  Avhen 
saturated  by  it,  the  yellow  predpitate,  after  long  standing,  is 
deposited. 

*  This  yellow  precipitate,  obtained  from  organic  liquors  by 
sulphuretted  hydrogen,  may  sometimes  contain  no  sulphuret  of 
arsenic  (page  318) ;  most  generally,  however,  wlicn  obtained  from 
an  add  liquid  which  did  really  contain  arsenious  acid,  and  also  a 
large  quantity  of  organic  substances,  it  is  found  to  contain  these 
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substances  iu  even  kirger  proportion  tliau  the  arsenitc  of  lime 
obtained  by  means  of  lime-water  lor  a  similar  purpose  (page  35  U  j . 
It  is  therefore  impoMible;,  in  moBt  cases^  to  extract  metallic 
araenic  from  this  impure  sulphuret  of  araenic  hj  meana  of  the 
processes  which  have  been  mentioned ;  for  as  soon  as  it  is  heated, 
either  aluue  or  mingled  with  other  substances,  a  great  quantity 
of  emp}Teumatic  oil  is  disengaged,  which  covers  the  mirror  of 
metallic  arsenic,  or  of  the  sulphuret  of  arsenic* 

*  The  best  process  in  such  case  is  the  following After  having 
completely  dried  the  precipitated  sesqnisulphnret  of  arsenic,  whicli 
contftiiis  much  or^^auic  matter,  it  is  to  be  reduced  to  powder,  and 
mixed  iu  a  small  porcelain  crucible  with  an  excess  of  carbonate 
of  soda,  and  some  nitrate  of  potash,  and  the  whole  is  to  be  fiised 
over  the  spirit-lamp  with  drcolar  wick.  The  presence  of  the 
carbonate  of  soda  permits  the  oxydisement  of  the  sulphnret  of 
arsenic  to  take  place  without  >'iolcnce  or  loss.  The  cooled  mass 
is  then  to  be  dissolved  in  water  and  the  solution  rendered  acid 
by  muriatic  acid,  then  treated  by  sulphuretted  hydrogen ;  or 
else  hydrosulphuret  of  ammonia  is  to  be  poured  in,  and  alter 
this  it  is  to  be  rendered  acid.  In  either  case,  a  long  time 
must  be  allowed  for  the  sulphuret  of  arsenic  to  precipitate 
completely,  because  by  oxydisiiig  with  nitrate  of  potash,  the 
arsenious  has  been  converted  into  arsenic  acid. 

*  The  sesqnisulphnret  of  arsenic  obtained  is  then  completely 
free  from  organic  substances,  and  may  be  converted  into 
metallic  arsenic  by  one  of  the  methods  described. 

*  The  two  methods  by  which  arsenious  acid  is  detected  iu 
organic  substances,  namely,  by  lime-water  and  by  sulphuretted 
hydrogen,  may  be  very  conveniently  combined.  The  operator 
hegms  by  treating  the  organic  substance  as  has  been 
described  (page  350),  and  tries  to  detect  the  presence  of  arse- 
nious acid  in  the  state  of  arsenite  of  hme.  When  the  lime- 
water  fails  in  producing  a  precipitate,  or  has  given  one  which, 
being  treated  as  has  been  said  (page  345),  yields  no  metallic 
arsenic,  the  liquor  which  has  been  tested  by  lime-water  must 
be  rendered  acid  by  muriatic  add ;  a  current  of  sulphuretted 
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hydrogen  is  then  passed  through  the  liquor,  which  wiU  have 
dissolved  the  traces  of  the  arsemons  acid  which  may  he  present ; 
and  a  predpitate  of  sesqnisulphnret  of  anenic  is  obtained. 

*  It  Las  been  proposed  to  treat  the  organic  substiincc  poi- 
isoued  by  arsenious  acid  with  aqua  regia  or  chlorine  gas,  in 
order  to  obtain  at  onoe  a  liquor  which  should  not  be  dark,  and 
thus  avoid  the  boiling  with  the  solution  of  potash;  but  this 
method  is  not  so  secure,  and  by  it  the  arsenious  add  is  also 
converted  into  arsenic  acid. 

*  The  least  available  process  is  the  treatment  with  nitric  acid, 
because  arsenious  acid  is  too  sparingly  soluble  in  that  add. 

^  For  the  purpose  of  removing  animal  substances  previous 
to  predpitating  the  arsenious  add  by  means  of  sulphuretted 
hydrogen,  Tauflieb  uses  a  solution  of  oxyde  of  zinc  in  caustic 
potash,  by  which  they  are  coagulated.  Oxyde  of  zinc  is  sepa- 
rated in  combination  with  the  organic  substances,  and  the 
arsenious  add  remains  dissolved  in  the  potash.  After  filtering, 
the  solution  is  rendered  add,  and  treated  in  the  usual  manner 
by  sulphuretted  hydrogen. 

*  But  all  the  ordinary  methods  employed  for  extracting  the 
metallic  arsenic  contained  in  liquids,  either  when  in  exceed- 
ingly small  qiuintity,  or  when  mi^ed  with  a  great  proportion  of 
organic  matter,  are  less  to  be  trusted  than  that  proposed  by 
Marsh,  and  improved  by  Bcrzclius  and  Tjiebig,  which  consists 
in  converting  the  arsenic  into  arseniuretted  hydrogen,  and  in 
decomposing  this  gas  by  means  of  heat,  which  yields  a  deposit 
of  metallic  arsenic.  The  conversion  of  arsenic  into  arseniuretted 
hydrogen  gas  takes  place  by  putting  a  little  metallic  zinc  in  the 
solution,  and  adding  some  dilute  munatic  or  sulphuric  acid. 
The  hydrogen  gas  which  is  then  disengaged  is  passed  through  a 
j^ass  tube  heated  red  hot  at  one  point  by  means  of  a  spiiit-hunp 
with  circular  wick.  Not  far  firom  this  point,  arsenic  condenses 
in  the  form  of  a  brilliant  metallic  mirror,  and  when  the  quantity 
is  very  minute,  or  imponderable,  it  forms  a  brown  spot. 

*  The  best  way  of  performing  this  experiment  consists  in  taking 
an  ordinary  flask,  such  as  is  represented  on  the  following  page. 
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Zinc  is  put  in  the  flask  (i,  and  a  small  quantity  of  the  diluted  acid 
is  poured  iu  through  the  funnel  b.  It  is  advisable  to  cause  the 
hydrogen  gaa  to  pasa  through  a  small  tube  full  of  fused  chloride 


of  calcium  e,  and  thence  through  a  tube  dd'  of  a  very  small  bore. 

When  the  apparatus  is  completely  filled  with  hydrogen,  the  gas 
may  he  kindled  at  the  orifice  of  the  small  tube  at  e,  and  cue 
part  of  it  exposed  at  /  to  a  red  heat  by  means  of  the  spirit-lamp 
with  circular  wick  g  *.  This  being  done^  the  liquor  which  is 
suspected  to  contain  arsenic  is  gradually  poured  through  the 
funnel  b ;  if  this  liquor  be  alkaline,  it  must  first  be  rendered  acid. 
When  the  liquor  contains  much  organic  matter,  as  when,  for 
example^  a  stomach  has  been  boiled  in  solution  of  potash,  and  the 
decoction  has  been  rendered  add^  not  by  nitric  acid,  but  by 
muriatic  or  sulphuric  acid,  it  is  important  to  pour  it  in  only  by 
degrees,  and  by  very  small  quautitics  at  a  time,  because  the  disen- 
gagement of  hydrogen  gas  produces  a  viscid  froth  which  might 
ascend  in  the  tube  containing  the  chloride  of  calcium,  especially 
if  the  flask  be  not  very  large.   If  the  liquid  really  contains 

*  It  is  necessary,  btfeVB  kindling  the  gas  or  patting  the  spirit-lamp  undtftiie  tube, 
to  wait  until  the  disengagement  of  the  liydrogen  gas  has  proceeded  for  some  consider- 
able time,  in  oi*der  to  make  certain  that  all  the  atniosphei-io  nir  ha^  been  rxpclled  from 
the  apparatus,  else  an  explosion  might  take  place.  It  is  U»en  ahijluttly  requisite  to 
mscertain  tliat  ueitlier  the  zinc  nor  the  acid  employed  contains  arsenic.  For  that 
purpose,  the  gas  being  kindled  and  aUomd  to  bora  wilii  «  amall  flwne^  it  is  to  b» 
deprenwd  by  holdinf  over  it  tbe  bottom  dTn  poredidn  didi,  and  abo  bgr  hoating  tibe 
oeotrat  part  of  tiw  tube  bj  means  of  the  spirit-lamp.  If  no  black  spot  or  inernstation 
appears  either  on  the  porcelain  plate  or  in  the  tube,  the  acid  and  the  zinc  employed 
may  be  declared  free  from  all  timer-  of  arnenie  ;  and  it  is  then  and  onl^y  then  that  the 
liquor  to  be  tested  may  be  introduced  as  described. — En. 
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arsenic,  at  first  a  brown  spot  is  produced,  and  then  a  metallic 
minror  of  arsenic  not  far  from  the  portion  of  the  tube  which  ii 
heated  by  the  spirit-lamp. 

*  Although  the  whole  of  the  arsenic  in  a  solution  containing 
arsenious  or  arsenic  acid  will  nut  Iiave  been  disengaged  in 
the  state  of  arseniuretted  hydrogen,  owing  to  a  portion  being 
separated  in  the  metallic  state,  which  drcumstaooe  renders  the 
method  unavailable  for  qnantitatiTe  analysis,  it  may,  however, 
demonstrate  in  the  most  unequivocal  manner  the  minutest  traces 
of  arsenic  in  liquids,  for  which  testing  by  sulphuretted  hydrogen 
presents  difficulties.  In  effect,  if  the  solutions  are  pure,  limpid, 
and  free  from  organic  substances,  Marshes  apparatus  will  indi- 
cate traces  of  arsenic  so  very  minute,  that  the  solution  of 
sulphuretted  hydrogen  could  not  lisibly  precipitate  them  in  the 
state  of  sulphuret. 

*  It  is  necessary  that  the  sulphuric  acid  employed  for  disen- 
gaging the  hydrogen  be  free  from  arsenious  acid,  which  is  readily 
ascertained  when  the  gas  which  it  disengages  does  not  deposit 
arsenic  whilst  burning  '. 

*  It  is  also  requisite  that  the  zinc  used  in  these  investigations 
should  not  serve  for  subsequent  researches  of  the  same  nature, 
because  metallic  arsenic  might  have  precipitated  at  its  suftoe, 
which  would  afterwards  disengage  arseniuretted  hydrogen. 

*  Tliough  this  method  is  singularly  ingenious  and  available, 
yet  it  has  one  feature  which  renders  it  uncertain.  A  liquor 
which  contains  antimony  in  the  state  of  oxyde,  disengages 
also,  when  treated  by  sine  in  ooigunction  with  an  add,  hydro- 
gen  gas  combined  with  antimony,  which  is  decomposed  by 
heat,  and  produces  a  mirror  of  antimony  whicli  has  much 
analogy  with  the  mirror  of  metallic  arsenic.  True,  that  when 
the  quantity  of  antimony  is  very  small,  the  stain  is  not  brown, 
as  occurs  in  such  a  case  with  arsenic;  but  this  difference  is  not 
sufficiently  characteristic.  If  the  mirror  of  arsenic  be  heated 
in  the  tnbe  in  whicli  it  lias  formed,  it  volatilises ;  but  this  also 
takes  place  with  the  mirror  of  antimony,  though  for  the  latter 

>  Se«  the  former  note. — £d. 
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a  stronger  heat  is  required.  There  is  scarcely  any  other  means 
of  distinguishing  the  two  metals  from  each  other  in  such  cases^ 
than  to  treat  them  by  nitric  acid  or  agua  regia,  and  to  pass  a 
CDirent  of  sulphuretted  hydrogen  gas  through  the  aolutioii  thus 
ohtained,  which  in  the  first  case  precipitates  the  arsenions  add 
in  the  state  of  scsquisulphuret  of  arsenic;  and  iu  the  isccoiid 
case^  antimony  in  the  state  of  sulphurct  of  antimony.  But  the 
experiment  does  not  succeed  upon  very  small  quantities. 


To  the  French  edition  the  following  lines  hy  E.  Peligot  are 
added: — 

* Since  the  puhUshing  of  this  work,  the  researches  on 

poisoning  by  arsenic  have  been  the  subject  of  numerous  and 
important  invcstifrations.  Soon  after  a  trial,  which  has  engaged 
public  attention  in  the  liighest  degree  \  several  French  chemists 
have  most  carefully  investigated  and  discussed  the  relative 
advantages  and  defects  of  the  various  methods  hitherto  employed 
in  chemico-le^al  analyses^  and  have  been  led  either  to  propose  new 
processes  altogether,  or  else  radically  to  modify  the  processes 
already  known  and  in  use  for  the  detection  of  this  dread 
suhstance." 

*  These  labours,  which  have  had  the  benefit  of  contradictory 

debates,  were  submitted  to  the  judfrnicnt  of  the  Royal  Academy 
of  Sciences  of  Paris;  and  a  Connuittec,  composed  of  Messrs. 
Thenard,  Dumas,  Boussinganlt,  and  B>egnault,  was  intrusted 
with  their  examination.  This  Committee  undertook  also  a  long 
and  elaborate  series  of  experiments,  with  a  view  to  solve  the 
j)iiiicipal  questions  referring  to  the  detection  of  arsenic  in 
medico-legal  researches ;  and  the  report  which  ^I.  Regnault 
made  in  the  name  of  the  said  Committee  should  be  taken  as  a 
guide  by  those  chemists  who  may  be  called  upon  to  undertake  the 
di£Bkmlt  task  of  investigating  cases  of  poisoning  by  tins  substance. 

*  Although  several  of  tlic  processes  recoivimcnded  by  the 
French  chemists  and  the  Committee  of  the  Xloyal  Institute 
have  been  already  mentioned  in  the  preceding  pages^  we  have 

>  That  of  Madame  Lafikrge. 
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thought  it  advisable  to  reproduce  these  processes  in  the  present 
additioiial  note^  in  order  to  preeeonre  to  the  ejcpeiiments  the 
character  of  oompleteness^  which,  in  our  opinion,  oontributea  to 
enhance  their  value  and  importance. 

*  In  cases  of  poisoning  by  arsenious  acid,  the  research  of  this 
substance  may  be  divided  into  three  prindpal  operations : — 

1.  The  ooncentntion  of  the  poisonous  substance  by  means 
of  the  destraetion  of  the  animal  snbstances  with  which  it  is 
a^iaociated. 

2.  The  Yolatihsation  of  the  poisonous  body  by  means  of 
Marsh's  improved  apparatus. 

3.  The  examination  of  the  volatilised  product^and  the  demon- 
stration of  the  principal  characteristics  of  arsenic. 

*  Each  of  these  operations  being  of  paramount  importance, 
requires  the  minutest  care.  If  the  product  submitted  to  analy- 
tical research  has  not  been  properly  prepared ;  if,  for  eitamplet, 
the  suspected  animal  matter  has  not  been  entirely  destroyed,  Hhe 
apparatus  of  Marsh,  even  though  the  said  suspected  animal 
matter  should  contain  no  arsenic,  will  show  signs  which  may  lead 
an  inexperienced  chemist  into  error;  (ur  if  the  said  matter  really 
contains  arsenic,  these  signs  will  be  so  complicated  as  actually  to 
render  the  presence  of  the  poison  doubtful. 

*  It",  on  tlic  other  hand,  the  substance  under  cxmiunation 
contains  antimony,  iron,  mercury,  these  metals  when  treated  by 
Marsh's  apparatus  will  simulate  the  reaction  of  arsenic,  which 
renders  it  absolutely  necessary  to  submit  the  spots  or  rings  or 
mirrors  produced  by  the  apparatus  to  an  attentive  examination, 
with  a  view  to  ascertain  tlieir  true  nature.  The  production  of 
these  spots  or  rings,  which  may  likewise  result  from  the  imper- 
fect combustion  of  the  products  under  test,  must  be  looked  upon 
at  most  only  as  probaHe  ngn$  of  the  presence  of  arsenic,  but 
arc  altogether  insufficient,  and  cannot  in  any  case  whatever  be 
received  as  positive  proofs  of  the  presence  of  arsenic. 

*  The  process  for  the  concentration  of  the  poisonous  sub- 
stance must  be  such  that  the  whole  of  this  substance,  even 
though  the  quantity  contained  in  the  animal  matter  be  very 
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small,  should  as  much  as  possible  be  preserved.  If,  "  says  the 
Beport  of  the  Academy  of  Sciences, "  the  aualysist  most  generally 
can  detect  anenic  with  fiuaiity  in  the  poisoned  food^  or  in  the 
vomited  matter,  or  lastly,  in  the  excrement  found  in  the  intes* 
tines ;  cases  occur  in  which  all  these  suhstances  are  wanting, 
Hud  in  which  the  poison  must  be  sought  for  in  the  body,  in  the 
tissues  by  which  it  has  been  absorbed.  Such  cases  will  present 
themselYes,  especially  in  corpses  which  have  heen  buried,  and 
which  may  have  thus  scgoumed  a  certain  lapse  of  time,  in  the 
ground." 

*  M.  Orflla  1ms  ascertained  by  numerous  experiinoiits  that 
arsenioua  acid  may  be  detected  after  death,  in  the  blood,  in  the 
viscera,  and  in  the  urine. 

^  ''In  order  to  separate  the  arsenic  whidi  has  been  thus 
absorbed,  the  orgamc  matter  should  be  boiled  for  several  hours 
in  water,  and  yet  this  separation  cannot  be  effected  in  a  com- 
plete manner.  The  liquor  thus  obtained  by  boiling,  contains  a 
large  proportion  of  organic  matter  in  solution,  and  produces, 
with  Marsh's  apparatus,  such  a  voluminous  froth,  that  it  is 
impossible  to  make  use  of  it  in  a  direct  manner ;  it  is  absolutely 
necessary  to  destroy  the  organic  matter  in  the  solutiou,  but  in 
such  a  way  as  not  to  lose  any  of  the  arsenious  acid. 
M.  Orfila  proposed  two  methods  for  effecting  this. 

*  "  The  first  consists  in  burning  the  organic  matter  by  nitret, 
and  consequently  thus  to  convert  the  arsenic  it  may  contain 
into  arscniate  of  potash.    The  modus  operandi  is  as  follows  : — 

*  "  If  the  substance  to  be  analysed  be  a  liquid,  uhne  for 
example,  nitrate  of  potash  is  to  be  dissolved  therein,  and  the 
whole  evaporated  to  diyness,  taking  care  to  stir  all  the  time,  so 
as  to  obtain  a  homogeneous  mass. 

*  "  If  the  matter  be  pasty  or  solid,  such  as  the  liver,  the  spleen, 
muscular  flesh,  &c.,  it  is  to  be  cut  and  bniised  in  a  porcelain  or 
glass  mortar,  with  abont  double  its  weight  of  nitre,  the  mixture 
being  thus  reduced  into  a  thick  paste,  in  which  the  nitrate  of 
potash  is  evenly  disseminated,  iuid  it  is  to  be  di  icd  by  a  gentle 
heat  iu  a  porcelain  capsula. 
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^  "  This  operation  being  terminatod^  a  new  hesaiaii  crucible  is 
to  be  brought  to  a  dark-red  heat^  into  which  the  organic  matter, 
mingled  with  nitre,  as  above,  must  be  introduced  by  small 

portions  n.t  a  time. 

*  "  If,  as  soon  as  the  first  portion  thrown  in  the  crucible  has 
deflagrated,  the  product  of  the  combustion,  instead  of  bdng 
white  or  greyish,  on  the  contrary  remains  black  and  carbona- 
ceous, this  colour  indicates  tlifit  tlic  quantity  of  nitre  employed 
is  insufficient  to  eii'ect  the  complete  combustion  of  the  animal 
matter,  and  therefore  a  fresh  portion  of  nitre  must  be  added  in 
order  to  effect  this  perfect  or  complete  combustion. 

*  When  all  the  mass  has  deflagrated,  the  product  remains  in 
the  crucible  in  the  fused  state ;  the  crucible  is  then  to  be  with- 
drawn, and  when  it  has  cooled  down,  so  that  the  substance 
therein  has  acquired  a  pasty  consistence,  a  small  quantily  of 
distilled  water  is  added  in  order  to  dilute  the  mass  so  as  to 
pour  it  in  a  porcelain  capsula.  If  a  portion  of  the  saline  mass 
adheres  to  the  crucible,  it  may  be  detached  by  boiling  in  it  a 
small  quantity  of  water,  which  is  to  be  added  to  that  in  the 
porcelain  capsula. 

*  The  saline  mass  is  next  to  be  decomposed  by  a  slight  excess 
of  sulphuric  acid  added  in  small  portions  at  a  time,  and  the 
whole  must  be  evaporated  so  as  to  expel  entirely  the  nitrous  and 
lutric  acids,  the  presence  of  which  would  prevent  the  disen- 
gagement of  hydrogen  when  treating  the  matter  by  Marsh's 
apparatus,  and  might  even  cause  an  explosion. 

*  "Lastly,  the  saline  residuum  i^eing  treated  a<!;ain  l)y  water, 
the  solution  thus  obtained  is  introduced  in  Marsh's  apparatus. 

"  The  second  process  indicated  by  M.  Orfila,  consists  in 
treating  the  aqueous  decoctions  of  the  viscera  by  pure  nitric 
acid,  evaporating  to  drjmess  in  order  to  char  the  animal  matter, 
treating  the  charcoal  by  boiling  water,  and  testing  the  liquor  by 
^liirsh's  apparatiis.  The  operator  may  also,  and  it  is  this  last 
process  which  is  preferred  by  Orfila,  carbonise  directly  the  organs 
^u^er  examination,  by  nitric  acid.  To  effect  this  the  viscera 
are  first  to  be  cut  into  smaU  pieces,  and  dried,  and  then  thrown 
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by  small  portions  at  a  time  into  a  porcelain  capsula  containing 
hot  nitric  acid.  An  abundant  disengagement  of  nitrous  acid 
Imnes  soon  takes  place^  and  shortly  afterwards  the  fingments  of 
organic  matter  are  dissolved.  When  all  the  organic  matter  haa 
thus  been  put  in  the  capsula,  the  evaporation  is  to  be  continued 
until  the  thickened  mass  emits  all  of  a  sudden  a  thick  smoke. 
The  capsula  must  then  be  immediately  removed  from  the  fire, 
and  the  carbomsation  is  spontaneously  completed.  Should  the 
capsuht  he  suffered  to  remain  long^  on  the  hrCy  a  veiy  vivid 
deflagration  would  ordinarily  take  place,  which  would  create  a 
notable  loss  of  arsenic.  The  charcoal  thus  obtained  must  be 
pulverised  in  a  glass  mortar,  and  boiled  several  times  with  dis- 
tilled water,  and  the  liquor  is  tested  by  Marsh's  apparatus. 
When  the  charring  has  been  carefully  effected,  the  liquor  is 
limpid  and  docs  not  froth  up,  but  it"  tlic  carbouisution  is  not 
complete,  if  the  charcoal  resulting  therefrom  be  greasy,  the 
liquor  obtained  contains  more  or  less  organic  matter,  and  when 
treated  by  Marsh's  apparatus  it  froths  up. 

*  ''The  charring  by  means  of  nitric  add  is  inconvenient, 
because  to  cftect  this,  a  large  quantity  of  acid  is  recjuired  ;  Init  a 
drawback  of  a  much  more  serious  kind,  and  whicli  it  is  often 
impossible  to  avoid  even  by  the  most  careful  watching,  is  the 
veiy  vivid  deflagration  which  may  take  place  towards  the  end  of 
the  operation,  and  by  which  the  greatest  part  of  the  arsenic  may 
be  vohataliscd 

*  A  third  method  has  been  ])roposed  by  Messrs.  Flandin  and 
Danger ;  this  method  is  as  follows  : — The  portion  of  the  viscus 
or  of  the  flesh  which  is  intended  for  examination,  must  be  cut 
into  small  pieces,  which  are  to  be  put  in  a  porcelain  capsula,  and 
drenched  with  one-sixth,  or  a  quarter  of  its  weight  of  pure 
concentrated  sulphuric  acid.  The  proportion  of  sulphuric  acid 
to  be  employed  is  dependent  on  the  state  of  the  animal  matter ; 
the  fresher  it  is,  the  larger  must  be  the  proportion  of  sulphuric 

*  The  capsula  being  placed  on  the  fire,  the  animai  matter 
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soon  beoomes  liquefied  and  transfomed  into  a  black  semi-fluid 
mass^  wliich  must  be  stirred  aU  the  wbile  with  a  glass  rod. 

'S^Ticn  the  matter  has  thus  liquefied,  and,  in  order  to  avoid 
projection,  pieces  of  ignited  charcoal  are  placed  all  round  so  as 
to  beat  the  edges  of  the  capsula,  the  treatment  is  to  be  continued 
until  the  matter  has  acquired  suffident  consistence,  so  that  all 
danger  of  intumescence  or  projection  is  over.  The  heat  is  then 
to  be  increased  so  as  to  heat  the  capsula  in  an  equable  manner 
until  complete  e?apoTation  of  the  liquid. 

*  If  the  charcoal  resulting  firom  the  operation  is  drjr  and 
brittle,  it  is  a  sign  that  the  charring  is  as  it  should  be,  and  that 
the  quantity-  of  sulphuric  acid  employed  was  sufficient.  If,  on 
the  contrary,  the  charcoal  obtained  is  greasy  and  cannot  be 
readily  pulverised,  the  capsula  must  be  withdrawn  from  the 
fire,  left  to  cool  for  some  little  time,  drenched  with  a  fresh  por- 
tion of  bulplmi  ic  acid,  and  heated  again  until  vapours  arc  no 
longer  disengaged,  and  the  charcoal  has  become  dry  and  brittle. 

*  The  capsula  is  now  to  be  withdrawn  firom  the  fire  and 
suffered  to  cool;  the  charooal  is  next  to  be  pulverised  with 
a  glass  pestle  and  moistened  with  aqua  rcgia,  composed  of 
tlu  ec  parts  of  nitric  acid  and  one  part  of  muriatic  acid  j 
both  these  acids  must  be  pure  and  concentrated.  By  this 
addition  of  aqua  regia,  the  amenious  is  converted  into  arsenic 
acid,  which  is  much  more  soluble.  Heat  is  to  be  again 
applied,  stirring  all  the  while  until  the  charcoal  has  become 
dry.  In  this  state  it  is  to  be  treated  by  boiling  water,  and  the 
fiquor,  which  is  quite  limpid  and  sometimes  colourless,  is  intro* 
dneed  into  Marsh's  apparatus,  in  which  it  never  produces  any 
firoth.  ''This  process,"  continues  the  report  of  the  Committee 
of  the  Academy  of  Sciences,  "  is  much  preferable  to  the  carbon- 
ising by  means  of  nitric  acid ;  the  operation  is  more  easily  con- 
trolled; a  less  quantify  of  the  re-agents  is  required  (which  is  a 
very  important  consideration),  and  deflagration  never  takes  place. 
And  we  have  acertained,  by  a  great  nuuiber  of  experiments,  that 
by  operating  by  this  process  upon  two  or  three  hundred 
grammes  (about  30  or  40  thousand  £nglish  grains)  of  muscular 
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flesh,  to  which  only  one  milligramme  (U  0151  gr.)  of  arseuious 
add  had  been  added,  spots  of  arsenic  were  obtained,  upon  whiph 
all  tlie  characterifltic  reactions  of  arsenic  coold  be  demonstrated/' 

*  This  process,  tliougli  simple  and  extremely  delicate,  rests 
however  upon  reactions,  attended  also  with  certain  drawbacks 
which  it  is  important  to  p<nnt  out.  If  in  effect  the  methods 
mnployed  in  chemioo-legal  analyses  should  be  such  as  to  leave 
no  doubt  as  to  the  real  nature  of  tlie  poisonous  substance 
separated,  it  is  equally  necessary  that  these  methods,  when  in 
sufHciently  skilful  hands,  should  not  cause  the  substances,  for 
the  separation  of  which  they  axe  employed,  to  bci  destroyed  or 
dissipated.  Now,  the  above  process  by  sulphuric  acid,  as 
described,  does  not  fulfil  the  latter  condition,  fur  it  may  cause 
the  volatilisation  and  subsequently  a  loss  of  arsenic  more  or 
less  considerable. 

*  The  necessity  in  which  the  operator  is  placed  of  eliminating 
at  tlic  end  of  the  operation  the  excess  of  sulphuric  acid,  requires 
a  temperature  suihcieutly  elevated,  at  least  in  some  cases,  to 
reduce  the  arsenious  add  in  contact  with  the  diarooal  produced 
by  the  animal  matter,  and  to  volatilise  either  the  liberated 
arsenic,  or  else  the  undecomposed  arsenious  acid ;  the  vapours  of 
sulphuric  acid  must  render  this  volatilisation  still  more  easy. 

*  It  does  not  seem  possible  so  to  manage  the  heat  as  com* 
pletely  to  avoid  all  chance  of  loss,  though  this  danger  is  much 
diminished  when  in  the  hands  of  chemists  well  versed  in  the 
manipulation  of  the  process;  but  it  must  be  admitted  that, 
generally  speaking,  the  necessity  of  obtaining  a  dry  and  brittle 
charcoal  will  lead,  at  least  in  some  cases,  to  heating  the  mAss  to 
a  temperature  which  may  prove  sufficiently  high  to  volatilise  all 
the  arsenic.  A  process,  therefore,  which,  in  a  theoretical  ])uiut 
of  \  icw  presents  this  inconvenience,  furnishes  results  which  are 
conclusive  when  positive,  but  doubtful  or  uncertain  when 
negative. 

*  At  any  rate,  this  process  l  equiros  to  be  modified,  as  was 
proposed  by  the  Committee  of  the  Royal  Institute,  by  effecting 
the  carbonisation  not  in  an  open  capsule^  but  in  a  retort  provided 
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witih  a  receiver.  The  chmrooal  which  is  left  in  the  retort  must 
be. well  puhreriaed^  and  treated  by  a  little  nitric  aeid,  dried 
again,  treated  by  boiling  water,  and  the  liquid  which  may  have 
distilled  in  the  receiver  is  to  be  added  thereto. 

*  And  further,  if  the  substance  to  be  carbonised  contains 
ehloridea,  it  is  to  be  feared  that  the  arsenic  may  be  earned  away 
in  the  state  of  chloride  of  arsenic  during  the  decomposition  by 
sulphuric  acid,  or  subsequently  during  tlie  treatment  of  the 
charcoal  by  aqua  regia ;  the  arsenic,  however,  may  be  arrested 
whilst  carbonising  in  a  retort  provided  with  a  receiver,  the 
inside  of  which  mnst  be  prerionsly  moistened  with  water. 

^  Lastly,  this  process  has  another  inconvenience,  namely :  as 
it  is  almost  impossible  that  the  sulphuric  charcoal  which  remains 
after  carbonisation  should  not  contain  sulphurona  add,  the 
solution  which  contains  it  being  introduced  in  Marsh's  appa- 
ratus determine  the  separation  of  the  arsenic  in  the  state  of 
sulphuret  of  arsenic,  and  necessitates  a  modification  of  the  pro- 
cesses employed  for  the  identification  of  this  body  when  obtained 
in  the  metallic  state. 

*  To  resume:  the  analyst  has  the  choice  between  two  methods 
of  combustion ;  the  one  by  sulphuric  acid,  tlic  other  by  nitre. 
The  latter,  when  well  executed,  appears  preferable,  the  arsenic 
forming  then  a  non-volatile  combination  {amtdaie  of  potash) ; 
the  danger  of  loss  of  this  body  must  be  less  than  that  by  the 
IHPOcess  of  carbonisation  by  sulphuric  acid.    If,  however,  it  be 
apprehended  that  some  part  of  the  mixture  of  nitre  with  the 
matter  to  be  burnt,  which  mixture  can  never  be  perfectly  inti- 
mate^ if,  we  repeat  it,  there  is  reason  to  apprehend  that  this 
vuxture  should  be  acted  upon  by  the  heat  before  the  reaction  of 
the  nitre  takes  pLice,  which  wouUl  c  ause  a  portion  of  the  arsenic 
to  disappear,  this  mixture  may  be  further  mingled  with  three  or 
four  times  its  weight  of  dry  carbonate  of  soda,  the  object  of  this 
Addition  being  to  render  the  deflagration  less  rapid,  and  to 
produce  the  fusion  and  consequently  the  contact  of  the  sub- 
stances in  the  mixture  before  the  combustion  of  the  animal 
luatter  takes  place.   This  process,  it  is  true,  has  the  drawback 
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of  introducing  in  the  analysia  a  somewliat  large  number  of 
chemical  rc-agonts,  but  tliis  inconvenience  disappears  if  the 
analyst  takes  care^  as  he  always  should  before  submitting  the 
analysis  to  the  last  and  definitive  test  in  Marali's  apparatus^  to 
make  a  blane  assay  of  all  the  substances  which  he  employs. 

*  In  effeeting  the  combustion  of  the  organic  matter  bv  means 
of  nitre,  as  has  been  related  above,  hut  without  atldition  of 
carbonate  of  soda^  the  Committee  of  the  Academy  of  Medicine, 
who  undertook  also  an  important  series  of  researches  npon 
arsenic,  in  a  medico-legal  point  of  view,  obtained,  according  to 
M.  Caventon,  who  wrote  the  Report,  resnlts  which  were  generally 
of  a  more  clear  and  decisive  kind  than  by  the  carhonisatiou  by 
means  of  sulphuric  acid. 

'I'  When  the  animal  substances  in  which  the  presence  of 
arsenic  is  suspected  have  been  destroyed,  the  poison  must  be 
tested  for  by  means  of  Marsh's  improved  apparatus. 

*  This  apparatus,  as  first  used  and  improved  by  Licbig  and 
BerzeUua,  has  been  already  described  (page  o.j*^)) ;  therefore  all 
that  is  necessary  now  is  to  point  out  here  the  further  modifications 
which  have  been  made  to  it. 

*  It  is  known  that  when  hydrogen  gas  is  disengaged  from  a 
liquor  which  holds  in  solution  an  arsenical  con)i)()iuul  soluble  in 
water,  this  gas  is  associated  with  a  certain  proportion  of  arscniu- 
retted  hydrogen  gas,  the  presence  of  which  may  be  immediately 
recognised  by  the  following  characters. 

*  1st.  Its  bein^  decomposed  by  heat.  If  the  gas  be  passed 
through  a  glass  tube  heated  to  a  dark  red,  the  arscinurctted 
hydrogen  is  decomposed  into  hydrogen  gas,  w  hich  is  disengaged, 
and  metallic  arsenic,  which  condenses  imder  the  form  of  a  ring 
at  a  certain  distance  firom  the  part  of  the  tube  which  is  exposed 
to  the  action  of  the  heat. 

*  2nd.  Its  inconi]>lete  combustion  in  the  air.  The  jet  of 
hydrogen  gas  mixed  with  arseniurctted  hydrogen  being  kindled, 
the  element  more  combustible  than  the  other  (namely,  the 
hydrogen)  bums  first ;  so  that  if  a  cold  substance  (for  example, 
a  piece  of  china)  be  introduced  into  the  llame,  the  arsenic 
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condenses  upon  it  in  the  metallic  state^  fonning  shinmg  spots  of 
a  dark-brown  colonr. 

*  By  means  of  Marsh's  apparatus  these  properties  of  arsenin- 

retted  hydrogen  may  be  exhibited.  The  formation  of  the  metallic 
ring  must  be  preferred  to  the  production  of  spots,  for  the  greatest 
part  of  the  volatiliBed  arsenic  may  thus  be  assembled  in  one 
point,  and  quantities  of  arsenic  which  could  not  be  perceived  b j 
means  of  spots,  or  if  so  in  a  doubtftd  manner,  are  rendered 
perfectly  visible  when  tried  for  the  production  of  the  ring. 
Wherefore  the  Couiiuittcc  of  the  Institute  has  giveu  the  prefer- 
ence to  an  apparatus  by  which  the  arsenic  may  be  isolated  in 
the  shape  of  a  metallic  ring.  The  disposition  of  this  apparatus, 
which  was  indicated  by  Berzelius  and  Liebig,  was  further  modified 
by  Messrs.  Koeppeliu  and  Kampmann,  of  Colmar,  as  follows : — 


*  A  flask  with  a  large  mouth  a,  is  closed  with  a  cork  pierced 
by  two  holes.   Through  one  of  these  holes  a  straight  tube  b  is 

passed,  pluiij^ii  j;  to  the  bottom  of  the  flask;  this  tube  is  one 
centimetre  in  diameter:  and  in  tlic  other  liole  another  tube  of 
a  smaller  bore  is  placed,  bent  at  right  angles  c,  which  is  luted 
to  another  tube  which  is  larger  d,  about  three  decimetres  in 
length,  and  filled  with  asbestus.  Another  tube  of  German  glass, 
being  two  or  tlircc  millimetres  in  the  bore,  is  adapted  at  the 
other  end  of  the  asbestus  tube.  This  tube  must  always  be  several 
decimetres  long,  and  drawn  out  at  the  extreme  end/;  one-third 
of  which  is  to  be  wrapped  in  tinsel  foil,  as  represented  in  the 
figure. 

*  The  flask  a  must  be  chosen,  so  as  to  be  able  to  hold  all  the 
liquid  to  be  tested,  and  yet  to  leave  about  one-fifth  of  its  total 
capacity  empty.  The  comparatiye  trials  made  by  the  Committee 
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of  the  Institute  liave  proved,  that  in  order  to  demonstrate 
the  presence  of  very  minute  quantities  of  arsenic,  it  is  ad\  an- 
tageous  to  operate  with  Marsh's  apparatus  upon  a  liquid  which 
will  have  been  reduced  by  concentratiQii  to  a  small  bulk. 

*  The  extremity  of  the  disengagement -tube  c,  which  pUmges 
in  the  flask,  shouhl  be  cut  bevel,  and  have  a  bulb  blown  in  the 
vertical  portion.  This  disposition  is  not  indispensable,  but  it  is 
commodious^  because  it  condenses  almost  all  the  water  which  is 
mechanically  carried  off,  and  which  ialls  back  in  the  flask :  this 
water  is  in  pretty  considerable  quantity  when  the  liquid  becomes 
hot  from  the  reaction  in  the  bottle. 

*  The  apparatus  being  thus  disposed,  a  few  strips  of  zinc  are 
introduced  in  the  flask  \  and  also  some  water^  in  order  to  close 
the  opening  of  the  safety-tube  b,  and  then  a  little  sulphuric  acid  is 
poured  in.  The  hydrogen  gas  which  is  evolved,  expels  the  air  from 
the  flask.  The  tube  is  to  be  heated  red  hot  at  the  point  wrapped 
in  tinsel  foil,  by  means  of  ignited  charcoal  placed  upon  a  grate. 
A  small  screen  prevents  the  tube  firom  becoming  hot  at  too  great 
a  distance  firom  the  part  heated  by  the  charcoal.  The  suspected 

,  liquid  is  next  to  be  introduced  tlirough  the  open  tube  by  means 
of  a  small  funnel,  in  such  a  manner  as  to  make  it  flow  along  the 
sides  of  the  tube,  in  order  to  avoid  sending  air  in  the  flask.  If 
the  disengagement  of  gas  diminishes  after  the  introduction  of 
the  liquid,  a  small  portion  of  sulphuric  acid  is  to  be  added, 
and  the  experiment  is  conducted  slowly  and  as  regularly  a^i 
possible. 

*  J£  the  gas  contains  arsenic,  a  metaUic  ring  is  produced  at  a 
short  distance  from  the  heated  pmnt  in  the  tube.   The  operator 

may  albo  inflame  the  gas  as  it  issues  from  the  apparatus,  and  try 

I  TIm  Bno  omployed  mtist,  of  coone,  be  free  from  arsciiic.  H  MeiUet  proposed 
tiie  foUmring  metliod  of  preparing  zinc  free  fron  snenie  i^^A^  oeirtBiD  ^jOttiti^  of  Q9pdi« 
nary  line  iBt]imwii,friitl8l  in  ftutoD,ia  ft  deep  Tenel  The  grHtnkted  zinc 

thus  obtained  mtist  be  reduced  into  smaller  pieces  in  a  mortar,  and  tlien  plftoed  in  » 
hesslan  crucible  in  alternate  layers,  with  onc-foui-Ui  of  its  weight  of  saltpetre  cosnd^ 
pulverised,  taking  care  to  begin  by  a  layer  of  saltpetre  and  to  finish  by  one  of  zinc  ; 
the  crucible  is  then  to  be  exposed  to  a  gixKl  heat ;  a  vivid  deHnpi*atioii  soon  takes 
place ;  when  it  is  over  tlie  scories  arc  removed,  and  the  zinc  is  run  into  an  ingot ;  it 
is  tlien  peifectly  pure.— Eo. 


Digitized  by  Google 


ABSBNIOUS  ACID. 


873 


to  produce  spots  upon  a  china  cap,  for  spots  are  sometimes 
obtained  when  a  sufficient  length  of  the  tube  has  not  been 

lieatcd,  or  when  its  diameter  is  too  large. 

*  Before  employing  the  process  which  has  just  been  described^ 
and  which  is  a  verbatim  description  of  the  Report  of  the  Com- 
mittee of  the  Institute,  the  method  of  concentration  of  the 
arsenical  matter  recommended  hy  M.  Lassaiguc  may  be  advan- 
tageously resorted  to. 

*  This  chemist  proposed^  instead  of  decomposing  by  heat,  or 
of  inflaming  the  gas  which  it  disengaged  from  MarsVs  appa- 
ratus, to  pass  the  gas  througli  a  perfectly  neutral  solution  of 
nitrate  of  silver.  Tliis  solution  is  to  be  placed  in  a  beaker,  or 
better  still,  in  a  Liebig  bulb-condensing-tube  A.   The  arseniu- 


retted  hydrogen  reacts  upon  the  nitrate  of  silver,  metallic  silver 

is  deposited,  aiul  the  liquor  contains  arscnious  acid  in  solution. 
The  disengagement  of  hydrogen  must  be  continued  for  a  long 
time  in  order  completely  to  absorb  the  arsenical  compound  with 
which  it  may  be  united.  The  excess  of  nitrate  of  silver  in  the 
solution  may  be  destroyed  by  converting  it  into  chloride  of 
silver  by  means  of  muriatic  acid.  A  li(^uor  may  be  thus  obtained 
by  filtering  or  decanting,  which,  when  evaporated,  leaves  arseni- 
ous  add,  which  may  be  easily  recognised  by  the  ordinary  tests. 
The  Committee  of  the  Institute  have  ascertained  that  by  this  pro- 
cess the  wliole  of  the  arsenic  was  rctjiined ;  employed  as  a  means 
of  concentration,  this  process  enables  the  operator  to  detect 
arsenic  in  liquors  which  contain  such  a  small  quantity  of  this 
poison,  that  Marsh's  improved  apparatus,  as  described  before  and 
employed  directly,  fails  in  showing  its  presence.    But  though 
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the  solution  of  nitrate  of  silver  may  become  turbid  \vliilst  bciu^ 
traversed  by  the  current  of  gas,  the  operator  must  take  care 
not  to  look  upon  this  turbidneBS  as  a  proof  of  the  presence  of 
arsenic ;  if,  in  effect,  the  sine  contains  a  little  snlphur,  or  the 
sulphuric  acid  a  little  sulphurous  acid,  sulphuretted  hydrogen 
will  be  evolved,  and  consequently  a  black  sulphuret  of  silver 
formed  in  the  solution  of  nitrate  of  silver.  In  some  cases  a 
deposit  of  metaUic  silver  vill  he  produced  by  carhuretted  gases, 
or  even  by  pure  hydrogen,  if  the  apparatus  he  exposed  to  light 
during  the  operation.  The  presence  of  arsenic,  therefore,  must 
be  considered  as  provi  d  (july  when,  the  metal  having  been  iso- 
lated in  the  liquor  by  Marsh's  apparatus,  as  before  described^ 
the  reactions  which  characterise  that  body  shall  have  been 
produced. 

*  Lastly,  AT.  Jacquelain  has  lately  published  a  new  process 
for  extracting  arsenic  from  a  poisoned  animal  substance.  Part 
of  this  method  may  be  employed  as  a  useful  adjunct  to  the  pro- 
cess adopted  by  the  Committee  of  the  Institute  for  isolating 
arsenic  in  the  metallic  form. 

*  M.  Jae([uelain  places  at  the  extremities  of  the  tube  in  wliich 
the  arseniuretted  hydiogen  is  to  be  decomposed,  a  Liebig  bulb- 
tube,  as  in  the  above  figure,  which  is  half  filled  with  a  solution 
of  perchloride  of  gold  for  the  purpose  of  washing  the  gas.  The 
dccomposing-tube  is  of  German  glass,  about  4  decimetres  long, 
and  3  millimetres  in  diameter,  wrapped  towards  about  the 
middle  in  tinsel  foil,  and  there  heated  to  redness  by  means  of 
a  spirit-lamp ;  the  arsenic  is  deposited  in  the  form  of  a  metallic 
ling,  but  as  a  portion  of  the  arseniuretted  hydrogen  always 
escapes  being  decomposed  by  the  heat  employed,  this  portion  of 
the  gas  is  decomposed  by  the  perchloride  of  gold  into  arsenious 
add,  which  is  absorbed,  whilst  gold  is  precipitated  in  the  metaUic 
state. 

*  In  order  to  recognise  and  determine  quantitatively  this 
arsenic,  the  gold  of  the  perchloride  in  excess  must  be  reduced 
by  means  of  sulphurous  acid,  the  excess  of  which  gas  being 
expelled  by  boiling,  the  liquor  is  to  be  filtered  and  distiUed  to 
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dryness  in  a  retort  furnished  with  a  receiver,  aud  a  small  quan-^ 
tit7  of  the  salt  of  gold  which  has  not  been  reduced  by  the 
sulplraroQs  add  is  thus  decomposed. 

*  T!ic  retort  may  then  be  washed  with  water  acidulated  by 
miuiatic  aeid,  and  tliis  liquor  is  to  be  added  to  the  distilled  j)io- 
duct;  the  whole  is  then  sulnuitted  to  the  action  of  a  current  of 
sulphuretted  hydrogen.  The  excess  of  this  gas  being  expelled 
by  boiling,  the  liquid  is  to  be  decanted  from  the  precipitate 
whicli  will  have  formed,  which  precipitate  being  washed  with 
hot  water,  is  to  be  collected  upon  a  small  filter,  and  dried  at 
100°  cent.  (21S^°  Fahr.)  In  this  state  the  sulphuret  is  ill  lor 
the  usual  tests,  that  is  to  say,  it  may  be  converted  sucoessiTeiy 
into  metallic  arsenic,  arsenious  add,  and  into  arseniate  of 
silver. 

*  It  is  evident  that  the  reduction  of  the  solution  of  gold,  or 
of  nitrate  of  silver,  does  not  prove  the  existence  of  arsenic;  for 
sulphurous  add,  sulphuretted  hydrogen  and  phosphuretted 
hydrogen  (phosphure  trihydrique),  aud  other  gases,  can  effect 
this  reduction  quite  as  easily  as  arseniuretted  hydro^^cn. 

*  Having  now  related  the  various  methods  which  may  be 
resorted  to,  in  order  to  concentrate  and  isolate  the  arsenic, 
there  remains  only  to  indicate  the  processes,  by  means  of  which 
thv  ])roduct  obtained  in  the  metallic  state  under  the  form  of  spots 
or  of  a  rini;  is  known  to  be  really  arsenic,  aud  may  be  demon- 
strated and  identified  as  such.  We  have  seen  that  if  the  animal 
substances  under  examination  contain  an  antimonial  compound 
(tartar  emetic,  for  example),  they  will,  when  treated  by  the 
method  of  concentration  and  insulation  above  described,  pro- 
duce reactions  which  may  be  coiitbunded  with  those  which 
belong  to  arsenic,  from  which  they  differ  in  a  slight  degree 
only.  It  is  therefore  indispensable,  the  arsenic  being  once 
obtained  in  the  metallic  state,  to  look  for  the  physical  and 
chemical  properties  which  distinguish  arsenic  from  antimony. 
Hence  it  will  be  necessary  to  ascertain : — 

*  1st.  Its  volatility,  by  heating  the  metallic  ring  produced  in 
the  decomposition-tube,  which  metallic  ring  must  be  seen  to  shift 
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from  place  to  place,  under  the  influence  of  licat.  It  is  kuowu 
that  m  such  circumstauces  antimony  does  not  volatilise. 

*  2nd.  Its  ghftFigi^^g  into  a  white  volatile  powder  of  arsenious 
acid  by  beating  the  tube  open  at  both  ends,  and  held  in  an 
inclined  position. 

*  Antimony  ^ves  also  a  .white  powder^  but  this  powder  is 
much  less  volatile. 

*  8rd.  By  heating  a  Htde  nitric  add^  or  aqua  regia,  in  the 
tube,  the  arsenic  will  be  converted  into  araenic  add,  whicli  is 
very  soluble  in  water;  the  liquor  being  carefully  cvapor:itcd  tij 
dryness  in  a  porcelain  capsula,  will  give  a  brick-red  precipitate 
by  pouring  upon  it  a  few  drops  of  a  perfectly  neutral  solutioii  of 
nitrate  of  silver. 

*  Antimony  treated  in  the  same  manner  leaves  a  yellowish 
residuum  insoluble  in  water,  and  which  undergoes  no  change  by 
contact  with  nitrate  of  silver. 

*  4th.  After  these  tests,  the  arsauc  may  again  be  reduced 
into  the  metallic  state.  To  effect  this,  it  is  suffident  to  add 
a  little  black  flux '  in  the  capsula,  in  which  the  precipitate  by 
solution  of  nitrate  of  silvei'  has  been  produced,  to  exsiccate  the 
whole,  and  to  introduce  it  into  a  small  tube,  one  end  of  which  ia 
to  be  drawn  out  at  6,  and  the  other  end  a  sealed  up  with  the 
lamp  after  the  introduction  of  the  above  mixture. 


*  The  substance  being  introduced  into  the  larger  portion  of 
the  tube,  it  is  to  be  heated  to  bright  redness  by  the  flame  of  the 

*  Dlack  flux  is  a  mixture  of  carbonate  of  potash  and  i  harcoal,  obtained  by  heating 
ci'cam  of  tartar  to  redness  in  a  closed  cinicible.  Instead  of  black  flux,  as  here 
recommonded,  Frescaius  and  Babo  recommend  twelve  times  the  weight  of  a  mix- 
tuM  of  time  parte  of  dry  carbonate  of  potash,  and  oao  part  of  cjraoido  of  potassium ; 
bociofle  iriien  Uadc  flux  is  employed  for  flie  reduction  of  iolpliiiret  of  anNnic,  only 
WBe-ludf  of  tfie  urcnic  is  rednoed  to  the  metallie  otete,  the  odur  half  roinaiiiiing 
combined  with  the  soda,  whOst  with  the  mixture  of  carbaoaAe  of  potadi  andctjaoide 
of  potaanumt,  the  whole  of  the  acaenic  is  reduced.~£D. 
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vtgBJod  qpirit-lamp;  metallic  anenic  then  volatiliseB  and  condenses 
in  the  narrow  drawn-ont  part  of  the  tahe  into  a  ring^  which  has 

all  the  jihysical  characters  of  arsenic  :  a  very  minute  quantity 
of  arsenic  is  suthcient  for  this  reaction. 

*  To  these  characteiistics  we  may  add  the  alliaoeoiu  odonr 
which  anenioua  add^  or  rather  metallic  arsemCj  evolves^  when  a 
few  particles  are  thrown  upon  ignited  charcoal :  to  this  last  test 
may  be  submitted  the  metallic  ring  obtained  by  the  reduction 
of  the  arseniate  of  silver  by  means  of  black  flux. 

*  Bj  means  of  these  processes  the  presence  of  anenic  can  be 
accurately  detected,  even  when  this  body  exists  in  only  very 
iiiiuute  quantities,  mixed  with  aiiiiiuil  substances.  Numerous 
experiments  have  proved  that  one  millionth  part  of  arseuious 
add  may  thus  be  easily  detected  in  a  liquid  by  means  of  the 
spots  produced  by  MarsVs  apparatus ;  by  the  use  of  nitrate  of 
silver,  or  of  chloride  of  gold,  as  a  means  of  concentration,  and 
the  production  of  the  metallic  ring;,  still  smaller  quantities  of 
arsenic  may  be  detected — P. 

*  There  are  still  other  methods  which  have  be«i  diacorered  since,  and  recom- 
mended sLs  imec{ui  vocal  tests  of  tb«-  {>reH4n)0(.>  of  arMnio.  In  order  to  complete  this 
lengUiy  chapter,  we  l>eg  to  i-oproilucr  tlu  in  lu  re. 

Reinsch's  Test.  This  is  a  process  of  reductiuu  or  precipitation  of  metallic  arsGuie 
from  m  liquid  oontAining  Mseoious  acid  or  arsenic  acid  by  metallic  copper.  It  is  m 
lUlows  ^— Into  tbe  Uqmd  aaqiected  to  oontiiii  MMoic,  a  pretty  large  proportaon  of 
Bmitetie  add  is  to  be  pooved,  and  a  btr  of  pnfeetljr  dear  mmI  teigbt  ooppcar  intra- 
dnced  into  the  acid  liquid,  and  boiled  for  eight  or  ten  minnteo,  when  tiie  copper  will 
be  found  corered  with  a  coating  of  arsenic,  which  will  give  it  the  i^patnuice  of  a 
bar  of  iron.  This  test  is  m  delicate  tliat  o.TTojnr,  <jf  arsenic  gives  a  verj*  distinct 
reaction  in  the  course  of  a  quaricr  of  an  hour.  Wlieu  the  cupper  is  abandoned  for 
a  f<-  w  inonu  rits  in  the  hot  liquor,  the  arftcnic  becomes  detached  ;  and  it  may  be 
recognised  as  such  by  the  odour  which  tiiu  detached  particles  evolve  when  heated. 
If  Ifao  eoftting  of  anenio  is  too  foebk,  tlio  copper  Mado  is  to  bo  withdraim  and 
moistonad  witli  nitric  acid,  and  when  Hio  bar  of  copper  has  i  iiaMiimail  its  proper 
coloiiry  it  is  to  be  wadked^  and  the  adntkia  obtained  ia  to  be  tested  in  a  wwj  small 
^larsh  apparatos.  Antimony  is  aim  precipitated  by  copper,  but  the  coa^g  pro- 
duced is  purplish,  and  the  detached  particles  being  heated,  evolve  no  odour  of 
garlic.  Lead  and  tin  are  not  precipitated.  Bismuth  forms  distinct  ciTr'stalline 
spangles.  Silver  and  mercury  arc  not  thus  precipitated  from  a  liqur,r  which  is 
diluted  beyond  joo^jjy^,  and  are  besides  very  different  from  tlioM-  pruduced  by 
arsenic.  This  test  properly  managed  is  good,  but  it  is  not  so  dehcate  as  that  by 
ICanih's  apparatus,  for  liquova  in  which  this  test  fidls  in  detecting  anenic,  abowdia' 
tinet  tnces  of  it  when  submitted  to  lfanh1iappasata%  and  if  the  liqaid  contahia 
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21.  ACIDS  OF  CARBON. 

V  CARBONIC  ACID,  CO.. 

(  A  I  ah:  C<i>'hun  iquc.) 

In  tkc  pure  state,  carbonic  acid  is  a  colourless,  inodorous, 
moombustible  gas,  which  can  neither  support  combustion  nor 

nitrates  of  salts  of  mercury,  and  other  metals,  the  reactions  by  lieiuscU's  Method 
become  doubtful,  or  are  altogether  impeded. 

A  Comnuttee  of  tlie  Acodemj  of  Scienees  of  Boriin  haTO  oonlrifod  aa  imptovv- 
nieiit  of  l^inh'o  apponUno,  whidi  is  exceedmgly  aoemate  and  moM  delicate  than 

any  other.  This  modification,  simplified  by  Dr.  Ut-r,  as  pulilished  in  tfie  mpplementa 
to  his  Dictiomyry  of  Arts,  Manufactures^  and  Minet^,    as  follows : — 

"  A  is  a  narrow  glass  cylimh-r,  open  at  top, about  10  inches  high, and  \\  or  \\  inch 
"  diameter  inbidr  ;  u  is  a  glass  tube,  about  1  inch  diameter  outside,  drawn  to  a  point 
at  bottom,  and  shut  with  a  cork  at  top.  Thi  ough  tlie  centre  of  this  cork,  the  smaii 
**  tube  c  passes  down  air-tight,  and  is  fimiahed  at  top  with  a  stop-cock,  into  whidi 
the  bent  amall  tobo  of  gbae  (without  lead)  a  ia  oemeoted.  Hie  beat  tube  f 
**  is  joined  to  the  end  of  ■  with  a  ooUar  of  caontdioiie,  or  a  perforated  coric,  wfaidi 
"  will  be  found  move  coaTonient.** 

"  Tlie  manner  of  using  this  apparatus  is  as  follows  : — Introduce  a  few  oblong  slips 
*•  of  zinc,  free  from  nr^otiic,  into  n,  and  then  insert  \\»  air-ti^^ht  cork  with  the  attached 
**  tubes*  Having  opened  the  atop-cock,  pour  into  \  ns  nuich  of  th*-  suspecttnl  liquid, 
'  "aciilul.itcti  with  dilute  hydrochloric  or 


'-I 


V 


**  aniphnrio  add  (eaeh  purc),aa  wiBriao 
to  the  top  of  die  ooric,  after  Bis  Ibil, 
**  and  immediately  shut  tlie  alop-eoolc. 

JVjf.  i»      "The  generated  hydrogen  will  force 

"  down  the  liquid  out  of  the  lowerorifice 
"  of  n  \r\io  A,  and  raise  the  level  of  it 
"  above  the  cork.  Tlie  extremity  of  the 
"  tube  F  being  dipped  beneatli  the  sur- 
*&ee  of  a  wealc  aohition  of  nitrate  of 
<*  rilver^and  a  spirit  flame  beiqg  plaoed 
"  a  little  to  tlic  left  of  tlie  letter  s,  the  stop-code  \»  then  to  be  djgfafly 
opened,  so  that  thegaa  whidi  now  fills  the  tube  B  Oiay  escape  so  slowly 
"  as  to  pass  off  in  separate  small  bubbles  tlirough  the  silver  solution. 
"  Ry  this  means  the  whole  of  the  arsenic  contnined  in  the  arseniuretted 
hyilrogeu  will  be  deposited  citlier  in  tlio  metidlic  state  upon  the  inside 
**  of  the  tube  b,  or  with  the  silver  into  tlie  characteristic  black  powder. 

Hm  fliat  diarge  of  gas  in  a  bdng  expended,  the  stop-ooek  ii  to  bo  drat, 
**  tin  tiie  liquid  be  agam  expdled  from  it  b j  a  fresh  dieengagemeat  of 
hydrorrcn.   The  ring  of  motallle  arsenic  dcpodted  beyond  ■  may  bo 
*'  cliased  onwards  by  placing  a  second  flame  under  it,  and  thereby 
**  fonned  into  an  oblong  brilliant  steel-Uke  minx>r.  It  is  evident  that  by 
-  "  the  patient  use  of  this  apparatus  the  whole  arsenic  in  any  poisonous 
**  liquid  may  be  coUectcJ,  weighed,  and  subjected  to  every  kind  of 
▼etificatioo.   If  r  be  jodned  to  e  by  means  of  a  perforated  oork,  it  luiiy 
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respiiatioii*  It  is  heavier  than  atmospheric  air^  owing  to  which 
it  may  be  poured  from  one  yessel  into  another,  as  if  it  were  a 

rmSStf  be  turned  aboot^  and  its  taper  point  HMa»d  intoft  porittoniudi  «b  when  the 
hydrogen  iffoing  from  it  is  kindled,  the  flame  may  bo  made  to  play  upon  a  nnfiMe 

«  of  glass  or  porcelain,  in  order  to  produce  the  arsenical  mirror." 

"  Or,  the  pr«*r("diii^  jm-ocprs  may  be  made  suiiplomt'iitary  to  that  of  boiling  the 
**  ai"seiiical  foul  li«iu(>r.  afiilulau-d  with  hj^'drochloric  acid  u{>on  slips  of  clean  copper, 

*  whereby  the  arsenic  in  precipittited  upon  tlie  copper  in  a  metallic  fihn  or  tliiu  crust, 
**  more  or  less  brilliant.   If  one  of  the  shps  of  copper  thus  coated  bo  plaood  in  the 

*  tobe  B  ol  the  aboT6-deacribed  appaeataa,  it  will  give  off  ite  anenie  frtthont  die 
^annoyanee  prodneed  by  the  firothmg     of  ag^tinoua  mixtnreL*' 

FlDattjyBra.  F^raaenina  and  Babo  publiflhed  in  tbe  Annal€»  dtt  OhmieundPhar' 
tfia<*ie,xlix^  a  method  for  the  deteetion  of  anenic  in  cnscs  of  medico-logal  dieroistry, 
which,  according  to  Be  rzi  lius,  seems  to  surpass  all  others  in  point  of  accurncy.  It  con- 
sists in  extrjK'ting  the  arspnic  from  the  organic  substances  by  means  of  mui-iatie  acid, 
and  to  convert  it  into  arsenic  acid,  and  by  means  of  a  solution  of  chlorate  of  potash, 
to  precipitate  tlie  sulphuret  of  ai-»enic,  which  is  then  reduced  by  means  of  cai  bouate 
of  6oda  and  cyanido  of  potassium,  heated  in  a  current  of  dry  oarbonie  acid.  The 
modus  operandi  is  aa  foUowa :— Tbe  operator  bogina  by  patting  aaide  one-third  part 
of  die  matter  to  be  examinedyaa  a  eotyt  cfe  mmte^  if  need  be;  that  ii^  in  caae  die 
finft  trial  ■hottld  fail  The  two  other  thirds  are  to  he  mixed  with  a  quantity  of 
muriatic  acid,  about  equal  in  weight  to  that  of  the  dry  substance  under  examination  ; 
water  is  then  to  be  added,  so  as  to  obtain  a  liquid  paste.  It  is  hardly  necessary  to  say 
that  the  muriatic  acid  employed  must  not  contain  arsenic  :  this  should  of  course  be 
ascertained  beforeliand.  The  mixture  is  to  be  heated  by  means  of  the  water-bath 
in  a  porcelain  capsula,  and  when  hot  one  half  drachm  of  chlorate  of  potash,  i-educed 
to  a  fine  powder,  must  be  added  every  five  minutes,  until  the  mass  becomes  of  a  li^t 
jrdlow  eolonr,  and  very  fluid.  Two  dcaduns  of  ehlorate  of  potadi  must  now  be 
added  in  one  dose.  After  eoolinf^  Ae  whole  is  to  be  thrown  upon  a  strainer  of  fine 
eambri^  and  the  insolaUe  leridnom  is  to  be  bdled  with  water  so  long  as  this  fluid 
is  acid  ;  the  washings  and  the  solutions  must  now  be  evaporated  to  about  1  Iby 
which  is  then  to  be  mixed  with  a  suitable  quantity  of  water  saturated  with  sulphurous 
acid,  f)o  that  the  liquitr  distinctly  smells  of  it  ;  loHtly,  it  is  to  be  heated  during  about 
one  hour,  so  as  to  <  xjm  I  the  wliole  of  the  sulphurous  arid. 

The  acid  solution  tlniH  obtained  has  geuenilly  a  dark  colour  ;  it  is  to  be  saturated 
widi  snlidmretted  hydrogen,  and  exposed  for  twelve  hours  to  a  temperatore  ci  SO* 
esnt,  until,  in  &ct,  die  odour  of  solphnretted  hydrog^  hsa  vanished.  The  proei- 
pitate  prodnoed  is  to  be  oolleeted  on  a  filler,  dried  by  the  water^badi,  and  then 
drsndied  witli  fuming  nitric  acid,  winch  is  to  be  added  drop  by  drop,  and  whidi  is 
to  be  expelled  by  the  heat  of  the  water-bath.  What  remains  after  this  treatment 
mn'^t  fiirMn-rlie  moistened  with  concentrated  sulphuric  acid, and  themixtui-c  heated 
for  tlu-ec  hours  by  means  of  the  water-l>ath,  and  then  at  a  tenqK-rature  of  150°  cent, 
by  means  of  the  oil-l»ath,  so  as  to  carljonise  the  niasH  and  render  it  brittle.  The 
residuum  is  now  to  be  treated  at  the  heat  of  the  water-batli  with  1 0  or  20  per  cent, 
of  water,  filtered,  and  the  insohible  portion  washed  nndl  dm  water  passes  free  from 
aeid,  die  wadiings  eve  then  added  to  the  solntion,  and  a  eoxrent  of  sul^uretted 
hydrogen  is  passed  thron|^  until  complete  satoration ;  die  predpitate  fonned  is 
CoQeeted  on  a  filter,  from  which  it  is  removed  by  dissolving  it  with  canstic  ammonia, 
and  evaposated  by  the  wateMwth ;  tbe  residuum  is  dried  at  100*  cent,  and  weighed 
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liquid ;  yet,  like  all  other  gases,  it  becomes  pretty  rapidly 
diffused  with  atmospheric  air     It  reddens  blue  litmus  paper 


witli  the  vessel  in  which  it  is  contained.  Part  of  this  residuum  is  sot  ii^ide  as  a. 
lescrvey  and  then  the  vessel  is  to  he  weighed,  m  that  in  deducting  it  from  the  whrdo 
weight,  that  of  the  sulpburet  of  ai*semc  may  be  known.  The  remainder  uf  tUo 
tmtoem  i»  oonducted  in  the  foUowing  appmtas&— 


A  is  »  koge  flaak  for  dlsengai^ing  oaibonic  acid  ;  it  is  to  be  half  filled  with  wwu, 
and  some  large  finiginents  of  limestone  or  marble  (chalk  does  not  yield  a  continuoua 
ctirrent  of  carbonic  acid).  B  is  another  fla^^k  of  a  smaller  size,  containing  concen- 
trated bulphiiric  acid.  The  larger  flask  A  is  closed  by  a  cork,  perfoi-atcd  with  two 
holes,  into  one  of  which  a  funnel  a  is  introduced,  plunging  nearly  to  the  bottom  of 
the  flask,  whilst  from  the  other  hole  in  the  cork  a  tube  emerges,  through  idddl  Hbo 
cKtUmlc  acid  diaeogaged  is  led  Hatoa^  eonoentrated  solphnriG  add,  tHiidb  absoriM 
all  its  moistnre.  The  gas  thus  dried  escapes  from  the  solphnric  add  flask  throng 
thr  tiii><> . ,  into  the  reduction-tube  d,m  enboged  visw of  ivbidi  is  here  ghren^OBtiie 
scale  of  oae>third  of  its  resl  lengdi : — 

h 


The  apparatus  being  adjusted  and  ready,  one  pai*tof  the  completely  dry  sulphuret 
of  arsenic,  or  arsenite,  mider  examinatioD,  must  be  triturated  in  a  warm  and 
polished  morlsr,  for  which  purpose  an  sgate  morlsr  is  besty  with  twdve  parts  of  a 
mixtnrs  of  three  parts  of  anhydrous  csrbooate  of  soda  and  one  pert  of  cyanide  of 
potasdonii  prepsred  according  to  Lieblg^s  procew  (see  mfra).  The  ] nlvLrlscd 
mixtore  is  now  spread  upon  a  piece  of  strong  glazed  paper,  beut  into  a  half  cylinder 
or  gutter,  and  introduced  lus  far  as  e  into  tlie  reduction-tube,  w  hen  by  turning  the 
t«V>c  bctwien  the  fingers  half  way  romid  on  its  axis  the  powder  on  the  pajier  falls 
down,  of  course,  on  tlic  ghujs  of  the  reduction-tube  where  it  occupies  the  place 
mailMd  belwMii  0  and  d;  Ac  card-paper  Is  miflidnMni,  and  bj  tiiis  nsaas  tiie  rest 
of  the  tnbe  is  kept  perfectly  dsan.  TUs  tnbe  isnowtobeciimieeted  withthetnbe 


1  On  acooimt  of  this  rapid  diAidbiUty  of  csrilNmic  acid,  flis  ei^erimcnt  of  extin- 
guishing a  candle  by  pUdng  it  in  a  jar  and  pouring  carbonic  add  over  it,  sooeeeds 

only  when  the  gas  is  ponred  from  a  wide-moutlicd  ^  es^ol  (as,  for  example,  from  one 
beaker  or  jar  into  another  jar)  ;  tor  it'  poured  from  a  narrow  vessel  (for  example^ 
from  a  wine  bottle)  the  experiment  iails  altogether. — Ed. 
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previously  moistened  with  water,  but  the  red  colour  wliich  it  has 
thus  imparted  to  it  disappears  by  exposure.   Carbonic  acid  gas 

r  of  tlie  apparatus,  and  by  pourinj;;  some  muriatic  acid  in  the  funnel  </,  a  stream  of 
C2irbouic  acid  is  disengaged  at  a  moderate  speed,  which  passing,'  throiirjli  the  tube 
by  and  thence  through  the  sulphuric  acid  of  flask  B,  escapes  through  the  tube  r 
into  the  reduction-tube  c/,  and  thence  into  Uie  air.  When  after  a  little  time  the 
whofe  appMAtns  it  eomplatdy  filled  witfa,  and  l»4fwed  by,  tlw  atram  eaiilNMdc 
moAf  iHiioh  niinik  not  be  erdved  at  a  mora  lapid  lata  Aaa  about  one  bubble  par 
aecand  of  tfana^  the  tnbe  eootainiiig  tfie  mixture  d  amnat  be  gently  heated  Ifanrngh 
He  whole  length  by  means  of  a  spirit-lamp,  so  as  to  dry  it  perfectly,  aa  well  as  the 
mixture  ;  after  which  tlie  spirit-lamp  is  brought  at  the  beginning  or  larger  end  of 
the  reduction-tube,  so  as  to  make  it  red  lu>t,  and  then  n  second  and  larger  lamp  is 
put  under  the  mixture,  so  as  to  make  that  point  red  hot  also,  shifting  it  gradually 
mnd  very  slowly  from  d  to  e,  and  towortls  the  drawn-out  extremity  of  the  reductiou- 
tobe^  aoaata  conpletdy  reduoe  and  Tofaitiliae  the  araaiie,and  drive  Ita  famea  hi  that 
dircetioD;  and  finally  they  are  driven  hito  tiie  dmnHmt  portion^  ivfaere  tiuy 
bneome  eondenaed,  aaat  into  a  nwlalKeniimrtanilnnta  portion  eaeapingala^ 
e  into  the  air,  to  which  it  commooicates  the  characteristic  odour  of  garlic.  When 
Ihe  volatilised  arsenic  has  condensed  as  at  //,  the  end  /  of  the  tube  is  fusetl,  in  order 
to  close  it,  and  heat  being  applied,  tlie  mirror  of  metallic  arsenic  may  be  shifted 
from  place  to  place  towards  /<,  and  back  ;  in  this  umnuer  the  ^iVnth  part  of  a  gram 
of  sulphuret  of  arftenic  may  furnish  perfectly  distinct  metalUc  mirrors,  Sulpburet 
of  antimony,  or  any  other  compound  of  antimony,  when  tiina  treated,  do  not  jrield 
metalHo  xt&rtoxt.  If  there  are  other  metila,  sodi  ae  kad,  mofcnry,  copper,  tin,  or 
antimonjy  liiej  are  foond  aAerwarda ;  die  had  m  the  ehaceoal,  after  treatment  by 
aolphnrio  acid  ;  the  merotty  and  the  copper  in  the  residuum  left  from  the  filtrate  of 
Ihe  aofcrtion  of  the  sulphuret  of  arsenic  in  ammonia ;  the  tm  and  the  on^Mneny  hi  the 
mass  from  which  the  arsenic  has  been  sublimed. 

Dr,  Fresenius  makes  the  following  observations  in  his  Instruction  on  Chemical 
Qualitative  Aimlysis,  a  work  most  ably  translated  into  English  by  Mi\  J.  Lloyd 
Bullock  • .  "  If  to  arsenious  add  Qn.  the  eolid  form,  or  in  eolation)  some  acetic  acid 
be  added,  and  anbaegnanfly  an  exoeae  of  polaaey  tfie  ndxtore  evaporated  to  diyneoa, 
andtha  leeidne  finally  ligmted  in  a  email  tnbe,ALCuwiH(oxydeof  eaoodyl  C^H,  Aa  •¥  O) 
win  be  inffmiBd,  which  may  be  at  once  detected  by  its  cluiracteristic  and  insupportable 
odour.  This  odour  changes  immediately  to  the  no  less  characteristic  odour  of  chlo- 
ride of  cacodyl,  ^^  hen  the  ignited  contents  of  the  tube  are  mixed  with  a  few  drops  of 
protochloride  of  tin,  and  are  then  exposed  to  the  action  of  ht^t.  This  deportment 
of  ar<«enioua  acid  affords  us  likewise  a  means  of  determining  whether  metallic  mir- 
rors obt&ined  by  Marsh's  apparatus  are  really  arsenical  mirrora  or  not.  For  this 
purpose,  the  malallie  cnat  whleh  it  ia  faitended  to  examhie  ia  boiled  with  water 
impregnated  witih  atmoapberie  air  nntO  it  ia  oompletel^  dtedved  \  tiie  aolntion  ia 
mixed  inCh  aeetio  acid  and  an  excess  of  potash  ;  the  mixture  iaeraporated  to  diyneaay 
and  the  residue  subseqacntly  ignited  in  a  small  tube.  In  short,  the  whole  procesa 
ia  eomhieted  ae  I  haye  joat  now  deecribed.   BuxaaN  haa  recently  euggeated  thia 


•  liutruction  on  Cli«niical  Aiuly«u,  by  Dr.  C.  R«mi£itii  FrMsniot,  edited  by  J.  Lltqrd  BuUoek ; 
edMloe.  Joha  Chorefafll,  VOum  sHesl,  8oho.l846. 
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dissolves  in  water,  but  when  the  solution  remains  for  a  long 
time  exposed  to  the  air,  or  when  it  is  boiled,  the  carbonic  acid 
vluch  it  containB  is  almost  entirely  dissipated.  The  aqueoua 
solution  of  carbonic  acid  reddens  blue  litmus  paper  prceisel y  as 
the  g:aseous  acid  does,  and  the  red  colour  likew  ise*  disappears  by 
exposure.  Lime-water,  baryta-water,  and  struntian-wateb 
produce  white  precipitates  of  carbonate  of  lime,  of  baryta,  or  of 
strontia  therein ;  but  when  only  a  small  quantity  of  Ume-waier 
is  poured  in  the  solution,  the  precipitate  disappears  by  stirring 
the  liquor;  and  if  even  the  quantity  of /iw^-wY/fe/- added  be  more 
considerable,  the  precipitate  produced  dissolves  upon  adding  a 
larger  proportion  of  aqueous  solution  of  carbonic  acid'. 

Of  the  salts  which  carbonic  acid  produces,  those  the  base  of 
which  is  an  alkali  are  soluble  in  water,  whether  iu  the  state  of 
neutral  or  of  acid  carbonates.  But  the  neutral  compounds  of 
carbonic  add  with  the  earths  and  metallic  oxydes,  propetly  so 
caUed,  are  insoluble  in  water ;  wherefore  the  solutions  of  the 
eartliy  aiul  of  the  metallic  salts  are  precipitated  by  the  solutions 
of  carbonates  of  alkalies.  "When  in  these  decompositions  the 
carbonic  acid  does  not  combine  with  the  base,  it  is  then  disen- 

method  of  tei^tin^i  nr>;<  Tiiral  cni'rts.  It  <?hould  be  borne  in  mind,  however,  that  tfaflM 
cnist«  dissfilvt"  lull  verv  slowly  upon  boiling  with  the  ai-ratrd  water." 

From  all  that  has  been  said,  it  ap{>oar8  that  Dr.  Fi-eaeuiuH  and  Babo's  method 
of  detoetion  qf  lumiuc  is  not  so  delicate  m  dther  Marsh*!  or  Bsinsdi's  lestH,  but 
tfuity  on  the  otiisr  handy  it  excels  both  tfiese  in  oertainty  and  aacnraflgr,  iriiieh  is 
a  eonsidemtifln  of  tiie  ntmost  importanee  in  judicial  investigatioo,  in  whidi  a  misfalre 
on  the  part  of  the  analyst  may  have  mo.st  fatal  conscquencoH.  In  the  present 
state  of  science,  the  reduction  of  the  sulphuret  of  arsenic  by  the  mixture  of  carbonate 
of  potn^h  and  cyanide  of  potassium  ahonld  always  be  resorted  to  in  preference  to 
any  otliur  method. 

Liebig  prepares  cyanide  of  potassium  in  the  following  manner: — 8  parts  of  pul- 
verised ferrocyaooret  of  potaaaum,  proWously  rendered  anhydrous  by  heating,  are  to 
bo  mixed  with  3  parts  off  pore  cari)onats  of  potaA  well  drie^  and  the  ndxtuvs  is 
in  a  moderately  hot  iron  eradble  until  tiw  whole  mass  is  inastate  of  tranqpul  inrion ; 
the  crucible  is  then  irithdiawn  from  tfis  flrsy and  Iho  fluid  contents  are  poured  upon  a 
clean  iron  plate  or  on  a  slab  of  china,  taking  care  notto  perndt  soy  of  the  iron,  which 
will  have  copnrate<l  nnd  which  haa  subsidr  l  nt  the  liottom  of  the  crucible,  to  run  with 
the  flui<l  ni;i-i--.  Win  ii  it  1ms  coolod  it  forms  i\  milk-white  nins-*,  uhieli,  heinj  broken, 
must  be  kept  in  a  wt>ll-<.-ln?,td  pliial.  It  euulains  eyunati-  oi  potiisli  in  the  prop<)rii<in 
of  5  of  cyanide  of  potassium  and  1  of  cyiui.ite  of  pot;i>li,  .*>  KCy+  KU,  CyO. — Ed. 

*  Tills  is  owing  to  Urae  being  soluble  in  excess  of  carbonic  acid. — Ed. 
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gnircd  with  cflfcnescencc,  and  the  hase  separates  ;  sucli  is  the 
case,  for  example,  when  tlie  ucutral  salts  of  alumiua  are  preci- 
pitated by  carbonates  of  alkalies.  Solutions  of  carbonates  of 
alkalies  are  precipitated  not  only  by  the  salts  of  the  earths,  but 

even  by  some  of  the  earths  themselves,  such  as  by  LiME-WAitit, 

BARYTA-WATER,  STKONTl AM-WATER. 

*  The  carbonates  of  alkalies  which  contain  an  excess  of  add 
$xe  less  soluble  in  water  than  the  neutral  corresponding  salts. 
The  solutions  of  some  earthy  or  metallic  salts  are  not  preci- 
pitated by  solutions  of  bicarhonates  of  alkalies,  tlionp^h  the 
solution  of  neutral  carbonates  of  alkalies  may  produce  a  preci- 
pitate in  them.  This  is  the  case  particularly  with  solutions  of 
magnesia*  (page  40). 

The  aqueous  solutions  of  the  carbonates  are  dccuiiipo.scd  by 
all  the  acids  which  arc  soluble  in  water^  and  in  the  meantime 
carbonic  add  is  disengaged  with  effervescence.  When,  however, 
the  quantity  of  the  carbonate  is  very  inconsiderable*  no  effer- 
vescence is  produced,  because  the  carbonic  add  liberated  remains 
dissolved  in  the  ^vatcr.  AAlieii  the  carbonate  exists  in  laigcr 
proportioUj  or  even  in  \  c  i  v  large  proportion,  the  first  drops  of 
add  poured  in  the  solution  produce  only  a  slight  effervescence, 
which  often  is  barely  observable.  This  phenomenon  is  due  to 
the  liberated  carbonic  acid  combining  with  the  portion  of  the 

'  A  neutral  solutiou  of  a  salt  of  magnesia  is  precipitatetl,  for  example,  hy  solution  of 
esfboiisla  d  potMh,  but  not  hy  one  of  bicarbonate  of  potash,  because  carbonate  of 
magiMwis  ia  aohible  in  an  exoeaa  of  aolation  of  carbonic  add,  bat  if  the  solution  be 
boiled,  carixmie  add  i«  diaeogaged,  and  »  precipitate  of  baaie  carbonate  of  magneaia 

appears. — Ed. 

-  Or,  which  is  the  same  thing,  in  vfi'y  dllute^mUutiom  of  carhonatra ;  carbonic 
acifl  being  to  a  certnin  r\t*'!it  sohihlc  in  wntor,  no  cfTerx-esfence  t^kos  plac^"  ^vhen 
treated  by  a  free  acid  Hohihle  in  water.  ll  v<h'«(cyanic  aeid,  however,  and  also  hydro- 
sulphuric  acid  (sulphuretted  hydrogen)  must  be  excepted,  for  the  carbonates  arc  not 
deeoinpoaed  by  these  two  acids.  And  in  order  to  prevent  mistaking  air  babbles  for 
cariMnle  acid,  the  sobstanee  supposed  to  be  *  eaibonate  dioQld  be  flrai  pnlvetised 
and  treated  with  water,  and  well  stiiTed ;  after  whidi  the  aeid  may  be  added*  which 
will  disengage  carbonic  add,  if  present  The  gas  disengaged  may  at  once  be  identified 
as  being  carbonic  add,  by  connecting  the  vessel  in  which  the  experiment  is  performed 
with  another  vessel  into  which  //mr-Tr(7/rr  being  poured,  and  agitated  or  shaken,  an 
abundant  predpitate  of  carbonate  of  lime  will  be  formed. — £o. 
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salt  as  yet  undecoraposed,  and  with  which  it  forms  a  bicai-bonate. 
It  is  therefore  ncccssar}^  in*adually  to  add  to  the  solution  of  the 
carbonate  a  sufficient  quantity  of  acid  to  decompose  it  com- 
pletely^  when  the  carbonic  acid  will  be  diaengaged  with  an  eiEer- 
Tescence,  gradually  augmenting  also :  when,  on  the  contraj  y,  a 
small  quantity  of  the  solution  of  the  carbonate  is  poured  in  that 
of  the  acid,  a  strong  effervescence  is  at  once  produced. 

All  the  carbonates  which  are  insoluble  in  water  being  pnlTcr- 
iaed  and  treated  by  a  free  acid,  are  decompoted  with  diaengage- 
ment  of  carbonic  acid  gas,  and  dissolve  in  the  acid  employed 
when  their  base  is  capable  of  forming  a  soluble  compound  with 
it.  The  consequence  of  this  is,  that  after  the  carbonic  acid  has 
been  completely  disengagedj  the  insoluble  carbonate  can  no 
longer  be  precipitated  from  the  add  solution  by  an  addition  of 
ammonia,  yet  ammonia  may  produce  a  precipitate  therein  when 
the  base  of  the  salt  is  one  of  those  whose  salts,  being  soluble  in 
water,  are  precipitabie  from  such  solutions  by  this  re-agent ;  1)ut 
in  such  a  case  the  precipitate  consists  of  the  base  only.  This 
property  distinguishes  all  the  precipitates  produced  by  the  car* 
bonates  of  alkalies  from  those  produced  by  other  salts  of  alkalies, 
the  acids  of  which,  hkc  carbonic  acid,  form  insoluble  compounds 
with  the  earths  and  metallic  oxydes.  When  a  solution  of  car- 
bonate of  potash  or  of  soda  is  poured  in  a  solution  of  chloride  of 
barium  or  of  caldnm,  or  in  that  of  other  soluble  salts  of  baryta 
or  of  lime,  if  the  precipitate  which  will  have  then  formed  be 
dissolved  in  muriatic  add  it  can  no  longer  be  reproduced  by 
supersaturating  the  liquor  with  ammonia ;  but  when,  instead  of 
a  carbonate  of  alkaM,  a  phosphate  of  alkali,  for  example,  is 
employed,  if  the  precipitate  whicli  will  then  have  been  produced 
be  dissolved  in  muriatic  acid,  a  precipitate  of  phosphate  of 
bar\^ta  or  of  lime  is  reproduced  upon  supersaturating  the  add 
solution  of  the  predpitate  by  ammonia.  The  effervescence  which 
accompanies  the  decomposition  of  the  carbonates  has  not  a  very 
characteristic  odour.  When  these  salts  are  decomposed  by 
diluted  sulphuric  acid,  and  a  glass  rod  moistened  with  ammonia 
is  held  over  the  vessel,  no  white  clouds  are  observable.  Carboniic 
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acid  dittcrs  in  this  respect  from  the  other  gaseous  acids  which  sul- 
pburic  add  disengagea  with  efferresoenoe  from  their  compoimda. 

In  certain  cases  some  insolnble  carbonates  do  not  disengage 
carbonic  acid  wlieu  treated  bv  muriatic  or  nilnc  acid.  Tliis  is 
more  particidarly  the  case  with  the  native  compounds  of  car- 
bonic add,  magnesia  and  lime  (bitter  spar — Dolomite)  and  of 
pioto^de  of  iron  (spatboee  iron)  which  combinations  do 
not  at  first  effervesce  in  the  slightest  degree  when  mnriatic 
acid  is  poured  upon  them,  unless  they  be  prc^  iously  reduced 
into  small  bits ;  but  when  heated  with  the  acid  they  are  decom- 
posed, and  they  likewise  effervesce  when  they  axe  submitted  in 
the  pulverised  state  to  the  action  of  that  acid.  Carbonate  of 
baryta,  especially  that  which  is  found  in  nature,  is  hardly 
attacked  bv  common  nitric  acid,  vet  the  acid  is  no  sooner 
diluted  with  water,  than  the  carbonate  oi'  baryta  dissolves  iu  it 
with  effervescence. 

Ignition  does  not  expd  the  carbonic  add  from  the  neutral 
carbonates  which  have  a  fiied  alkali  for  base,  and  the  add 
carbonates  of  fixed  alkalies  by  being  i*rnited  lose  only  the 
excess  of  carbonic  acid,  becoming  thereby  converted  into  neu- 
tral carbonates.  Neither  is  carbonate  of  baryta  or  of  strontia 
decomposed  by  ignition.  Submitted  to  a  very  strong  heat  in  a 
small  platinum  cnidble,  by  means  of  a  spirit-lamp  with  circular 
wick,  carbonate  of  lime  losca  only  a  feeble  portion  of  its  carbonic 
acid,  but  when  hydrate  of  lime  is  treated  in  this  manner,  or 
when  steam  of  water  is  passed  over  carbonate  of  lime  when  at 
low  red  heat,  the  carbonic  add  may  be  expeUed  entbely.  Tlie 
other  carbonates  abandon  their  carbonic  acid  when  caldned, 
and  the  temperature  need  not  be  very  high  to  effect  this  object. 
The  acids,  or  oxydes  which  play  the  part  of  acids  but  which 
are  insoluble  in  water,  sndi  as  for  example  silicic  add,  titanic 
add,  tantalic  add,  peroxyde  of  tin,  &c.,  and  which  consequently 
cannot,  by  reason  of  their  insolubility,  expel  carbonic  add  from 
the  solutions  of  carbonates,  do  expel  the  carbonic  acid  from  the 
carbonates  of  alkalies  when  fused  with  them. 

When  carbonates  of  alkalies  are  mixed  with  pulverised  char- 
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coal  and  strongly  calcined,  their  carbonic  acid  is  expelled^  which 
is  converted  by  the  charcoal  into  carbonic  oxyde  which  escapes 
in  the  state  of  a  gas. 

The  nentral  carbonates,  which  are  soluble  in  water,  impart  a 
deep  blue  colour  to  reddened  litmus  paper.  The  solutions  of 
acid  carbonates  produce  the  same  effect  but  less  powerfully. 

*  Carbonates  in  the  solid  state  or  in  solution  are  most  easily 
distinguished  from  other  salts  by  the  dismigagement  of  inodorous 
carbonic  add  gas,  which  they  produce  with  effervescence  when 
treated  by  soluble  acids. 

2\  OXALIC  ACID,  0,0,. 
(Adde  OxcUtque.) 

*  Oxalic  Acm  forms  crystals  which^  exposed  to  a  warm  atmo* 
sphere,  lose  part  of  thdr  water  of  crystaUisation  and  fall  into  a 

white  powder It  is  soluble  in  water,  and  the  crystals  often 
produce  a  decrepitating  noise  whilst  dissolving.  It  is  soluble 
also  in  alcohol.  The  aqueous  solution  is  strongly  add.  When 
the  crystallised  add  is  rapidly  heated^  part  of  it  is  volatilised 
without  decomposition,  and  condenses  into  a  crystalline  subli- 
mate, whilst  another  portion  is  decomposed  and  converted  into 
carbonic  acid^  carbonic  oxyde,  and  formic  acid. 

*  Ozahc  add  forms  salts  which  are  soluble  in  water  only  with 
ihe  alkalies  and  a  small  number  of  metallic  oxydes,  sudi  as,  for 
example,  peroxyde  of  tin,  oxyde  of  chromium,  alumina,  peroxyde 
of  iron,  &c.  The  neutral  oxalates  of  alkahes  are  more  soluble 
than  the  acid  oxalates.  The  combinations  which  oxalic  acid 
forms  with  most  of  the  earths  and  metallic  oigrdes  are  either 
quite  insoluble  or  sparingly  soluble^  yet  all  of  them  are  soluble 
in  the  strong  adds,  a  large  quantity  of  which  must  often  be  ' 
employed  to  effect  their  solution. 

>  GiygteUiMd  oxalic  add  contMna  52  per  cent,  of  wator  of  crystaUisation,  28  of 
wliidi  nwj  be  expdled  in  a  dinet  mmaw,  bat  ifae  14  olhflri  caimot  be  pennaaentllj 
eliminatiHlj  except  by  eomblnitiig  die  add  Wtfi  a  metallie  oxyde ;  tat  example^  widi 
neenily  caldncd  and  well  pulst  i;<<>d  protoxvde  of  lead.    The  cffloieaeed  add 

contain'"  90  per  cent,  of  water.  Tlic  crystalline  sublimate  produced  by  exposure  to 
a  8troug  heat  of  ahovit  300«  contains  no  water  of  oiystaUisation,  bat  it  very  soon 
absorbs  moisture. — Ed. 
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Oxalate  qf  lime  \a,  of  all  these  salts,  the  most  insoluble  in 
water,  wherefore  the  slightest  traces  of  oxalic  add  may  be 
detected  in  a  neutrfd  solution  by  pouring  therein  a  small  portion 
of  a  solution  of  chloride  of  calcium,  or  «uiother  neutral  salt 
of  limcj  a  white  precipitate  of  oxalate  of  Hme  is  thereby 
prodooed,  which,  when  the  qnantity  of  oxalic  acid  is  inconsider- 
able, requires  a  pretty  long  time,  or  else  the  help  of  heat,  to 
settle.    Although  this  precipitate  is  soluble  in  muriatic  and  in 
nitric  acids,  yet  it  is  not  soluble  in  small  quantities  of  these 
acids,  and  it  is  less  soluble  still  in  oxalic  add  (page  36),  acetic  add, 
and  other  organic  adds.   Wherefore  a  solution  of  oxalic  add  or 
of  binoxalate  of  potash  produce  precipitates  in  solutions  of  the 
neutral  salts  of  Hme*.    A  predpitate  is  likewise  produced 
immediately  when  limb-watbe  is  poured  in  a  solution  of  oxalic 
add,  to  determine  which  it  is  not  even  necessary  to  employ  an 
excess  of  the  re-agent.    But  the  most  distinguishing  character 
of  the  behaviour  of  oxaUc  acid  towards  lime  is,  that  a  white 
predpitate  of  oxalate  of  lime  is  produced  in  the  solution  of 
8VLPHATB  07  LIME  (which  latter  salt  is  very  sparingly  soluble), 
not  only  by  solutions  of  the  neutral  oxalates,  but  also  by  solutions 
of  acid  oxalates,  and  even  by  oxalic  acid ;  the  turbidness  is  not 
immediately  perceptible,  but  after  a  few  minutes  it  is  quite 
distinct.   This  is  the  best  and  prindpal  character  by  which 
oxaHc  add  can  be  distinguished  from  other  adds  which  form 
witli  lime,  salts  which  are  sparingly  sohiblc  or  insoluble,  for 
there  is  no  other  known  acid  which  can  produce  a  precipitate, 
at  least  so  rapidly,  in  solutions  of  sulphate  of  lime. 

*  Solution  of  pABATARTABic  Aciois  the  only  substance  which 
in  similar  circumstances  can  produce  in  solution  of  sulphate  of 
lime  a  precipitate  of  paratartrate  of  lime ;  but  in  such  cases  the 
precipitate  requires  a  longer  time  (a  quarter  of  an  hour)  for  its 
production,  and  it  has  a  more  crystalline  appearance.  The 

*  <>iriag  to  liie  MlnblUty  of  osahte  of  Him  in  BM^^ 

most  always  bo  addod  liefore  precipitating  by  chloride  of  calcivm,  w  by  nUrate  tf 
lime,  in  order  to  saturate  the  nitric  acid  or  tlic  nmriatic  adid  fibonled,  whkli  otber- 
wiso  would  ptovont  tbo  fomialion  of  tho  prodpitste^Eo. 
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precipitateit  of  oxalate  of  lime  are  insoluble  in  solutions  oi  muriate 
qfammama, 

*A  solution  of  acbtatb  ov  lsju>  produces  an  immediate 
wbite  and  abundant  precipitate  of  oxalate  of  lead,  which  ia  Teiy 

sparingly  soluble  in  free  oxalic  acid,  but  whicli  is  soluble  in 
nitric  acid,  and  insoluble  in  ammonia. 

*  A  solution  of  nitrate  Of  silver  determines  immediately 
an  abmidant  white  precipitate  of  oxalate  of  silver^  which  is  not 
diBsdved  by  free  o»aUc  acid.  This  precipitate  is  even  difficultly 
soluble  in  iiitric  acid,  but  it  is  more  soluble  in  ammonia. 

*  Oxalic  acid  produces  immediately  in  solution  of  bub- 
nitrate  OF  If  ercurt  a  precipitate  of  oxalate  of  mercury. 

*  The  solutions  of  neutral  oxalates  of  alkalies,  as  also  those  of 
the  add  oxalates  and  of  oxalic  add,  determine  in  the  neutral,  or 
even  in  the  acid  solutions  of  a  great  number  of  other  salts 
having  an  earth  or  a  metallic  oxyde  for  a  base,  precipitates 
which  have  been  treated  of  in  speaking  of  the  behaviour  of  each 
base  towards  re-agents. 

*  The  solution  of  oxalic  add,  and  the  solutions  of  all  the 
oxaliitos  in  a  free  acid,  for  example  in  muriatic  acid,  reduce  a 
solution  of  PERCHLoaiDB  OF  GOLD  with  which  it  is  boiled,  more 
easily  than  the  organic  adds.  When  the  solution  contains 
a  large  quantity  of  perchloride  qf  gold,  the  carbonic  add  gas 
produced  by  the  decomposition  of  the  oxalic  add  is  disengaged 
with  effervescence  during  the  ebulhtion  (page  169). 

*  When  oxalic  acid  is  added  to  a  solution  of  peroxyde  of  iron, 
and  an  excess  of  ammonia  is  added  to  the  liquor,  the  whole  of  the 
peroxyde  of  iron  is  thrown  down,  as  is  always  the  case  when 
ammonia  is  poured  in  solutions  of  persalts  of  iron,  the  add  of 
which,  iu  the  pure  state,  is  volatile.  But  if  instead  of  pure 
ammonia  an  excess  of  carbonate  of  ammonia  or  of  potash  be 
employed,  the  liquor  remains  clear  and  red,  and  it  is  only  after 
a  very  long  time  that  a  predpitate  is  produced  by  the  carbonate 
of  potash ;  but  the  greatest  portion  of  the  peroxyde  of  iron 
remains  dissolved.  By  boihng^,  the  peroxyde  of  iron  is  preci- 
pitated better,  but  not  completely.    An  excess  of  cabbonat£ 
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OF  SODA,  poured  iu  a  solution  wliich  contains  oxalic  acid,  does 
not  at  first  precipitate  the  peroxjde  of  iron^  but  the  liquor 
becomes  sooner  turbid  with  this  re-agent  than  with  carbonate  of 
ammonia  or  of  potash.  The  precipitate^  howeyer^  in  such  cases, 
is  uot  pure  peroxydc  of  iron  ;  it  is  more  licavy,  and  has  a  more 
yellowish  tint.  By  boiling,  the  peroxyde  of  iron  is  tolerably 
precipitated^  but  not  completely. 

^  If  a  concentrated  solution  of  oxalic  acid  be  poured  upon 
pulverised  peuoxvde  of  manganese,  red  lead,  and  peudxyde 
or  LEAD  {jturoayde  jtUmbeux  or  suroxyde  plombique),  carbonic 
acid  gas^is  soon  disengaged  with  effervescence.  The  same  effect 
is  produced  by  pouring  solutions  of  acid  oxalates  upon  the  same 
peroxydes ;  but  the  solutions  of  neutral  oxalates  produce  it  only 
after  having  added  some  muriatic  acid  to  the  liquor. 

*  When  crystallised  oxalic  acid  or  oxalates  are  mixed  with  con- 
centrated stTLPHUBiG  ACID,  and  the  whole  is  exposed  to  a  moderate 
heat,  a  rapid  disengagement  of  carbonic  acid  and  of  carbonic 
o\ vde  takes  place  with.  cffer\'escencc ;  if  oxalates  be  employed 
in  this  experiment,  rather  more  sulphuric  acid  is  to  be  employed 
than  is  sufficient  to  saturate  the  base^  If  the  experiment  be 
performed  in  a  glass  tube  dosed  at  one  end,  the  gas  may  be 
inflamed  at  the  orifice  of  the  tube,  and  will  burn  with  a  blue 
flame.  If  this  gas  thus  evolved  be  collected  over  water  in  a 
tube  closed  at  one  end,  and  then  agitated  therein  with  a  little 
solution  of  pure  potash,  about  half  the  bulk  is  absorbed;  the 
remainder  consists  of  carbonic  oxyde  gas,  which  being  set  iire  to 
burns  vr\\\\  a  blue  flame,  and  mow.  vividly  than  it  would  do 
previous  to  being  separated  from  the  carbonic  acid  in  the  manner 
just  described.  If  instead  of  a  sohUion  qf  potash  the  gases 
evolved  be  agitated  with  Ume  ufoier,  this  liquid  is  rendered  very 
turbid.  The  liquid  which  is  left  after  liaving  heated  oxalic  acid 
or  an  oxalate  with  concentrated  sulphuric  acid  is  uot  coloured ; 
if  it  hove  assumed  a  black  or  brown  tinge,  the  operator  may 
oonelnde  that  the  oxalic  add  or  oxahtte  employed  was  not  pure, 

*  This  oonTermon  of  oxifie  a«id  iotocMlKiiiie  ftdd  and 

the  Mdplraaie  M,  aliMiliiiig  from  the  oxalic  mad  its  MoatitetioiHa  waler.— E». 
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but  contained  some  organic  matter,  which,  when  in  hirge  pro- 
portion, gives  rise  to  a  dis(  n^'ugcment  of  sulphurous  acid  gas, 
the  odour  of  which  may  be  distinctly  smelt  if  the  mixture  of 
oxalic  add,  or  of  an  oxalate  with  sulphuric  acid,  be  heated 
for  a  long  time ;  this  reaction  is  in  fact  the  best  test  of  the 
purity  of  oxalic  acid  and  of  oxaktes.  When  instead  of  nsing 
ordinary  concentrated  sulphuric  acid,  flming  sulphuric  acid  is 
employed,  the  disengagement  of  carbonic  acid  and  carbonic 
oxyde  gases  takes  place,  even  in  the  cold,  provided  the  oxalate 
be  dry,  or  the  oxalic  add  have  lost  part  of  its  water  of  ciystal- 
lisation  by  efflorescence. 

*  All  the  oxalates  undergo  decomposition  in  various  ways  by 
exposure  to  a  red  heat.  The  neutral  oxalates  of  hxed  alkalies, 
oxalate  of  baryta,,  strontia,  and  lime  are  converted  into  neutral 
carbonates,  with  disengagement  of  carbonic  oxyde.  If  they  be 
calcined  in  a  small  retort  the  gas  which  is  disengaged  burns 
witli  a  blue  flame  when  set  fire  to.  The  carbonate  which  is  left 
as  residuum  should  be  white,  but  it  always  has  a  greyish  colour, 
even  when  the  oxalate  operated  upon  is  as  pure  as  possible. 
This  colour  is  produced  either  because  it  is  impossible  to  obtain 
the  oxalate  in  a  perfectly  pure  state,  or  perhaps  because  the 
disengaged  oxyde  of  carbon  loses  a  portion  of  its  carbon. 
When  impure  oxalates  of  alkalies, — ^for  example,  the  sonel- 
salt  of  ocmmiefoe,— 'is  ignited,  the  residuum  is  often  blade :  if 
a  very  strong  heat  is  used  for  calcining  oxalate  of  lime,  the 
carbonate  of  lime  which  remains  abandons  part  of  its  carbonic 
add. 

*  PeromkUes  qf  aUuUki  are  converted  by  ignition  into 
neutral  carbonates,  whilst  at  the  same  time  a  gas  is  disengaged, 
which  is  a  mixture  of  a  large  quantity  of  oxyde  of  carbon,  and 

of  a  small  proportion  of  carbonic  acid. 

*  Oxalate  qf  ammonia  being  exposed  to  heat  yidds  water, 
ammonia,  carbonate  of  ammonia,  carbonic  oxyde  gas,  (^anogen 
gas,  a  peculiar  substance  called  oxandde,  and  whidi  is  volatile 

fmd  sparingly  soluble  in  water. 

*  The  combinations  of  oxalic  acid  with  the  bases,  which  are  not 
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susceptible  of  uniting  with  carbonic  acid,  or  the  carbonates  which 
part  very  easily  with  their  carbonic  acid  by  igmtion^  undergo, 
when  submitted  to  a  red  heat^  a  decompontion^  the  resnlt  of 
which  ifl  that  the  bases  alone  remain,  whilst  equal  volumes  of 
carbonic  oxydc  and  of  carbonic  acid  tu'c  evolved.  Such  is  the 
case  with  oxalate  of  magtiesia,  of  alumina,  of  protoxyde  qf 
mansfoneie,  of  oarjfde  qf  chromium,  of  twyde  qftitammn,  &c. 

*  The  combinationa  of  ozaUc  acid  with  the  metallic  oi^des, 
which  are  reducible  by  carbonic  oxyde,  undergo,  when  calcined^ 
a  decomposition,  the  effect  of  which  is  to  isolate  the  metal  in 
the  regulinc  state,  and  to  disengage  carbonic  acid  only  ;  such  is 
the  case  with  (walate  qf  protoxyde  and  of  peroxyde  qf  fron^  of 
mehel,  of  cobalt,  of  protoryde  of  copper,  Sbo,,  yet  in  most  cases 
the  decomposition  is  not  complete. 

*  Oxalic  acid  and  the  oxalates  in  tlic  solid  form  are  so  easily 
distinguished  by  their  behaviour  with  sulphuric  acid,  and  when 
dissolved,  hj  their  behaviour  with  solution  of  sulphate  of  lime  * 
that  they  cannot  be  confonnded  with  oth»  substances. 

3  .  ORGANIC  ACIDS  WHICH  CONTAIN  NO  NITROUEN. 

*  Carbon  and  oxygen,  in  combination  with  hydrogen,  pro- 
duce a  numerous  series  of  acids,  which  are  ordinarily  called  noii- 
mtrogemted  orgame  acidf.   These  acids  form  with  the  bases 

salts  which  especially  differ  from  those  produced  by  inorganic 
acids,  because  when  heated  in  a  small  retort  they  yield  the 
same  products  as  those  famished  by  other  organic  substances 
which  are  free  from  nitrogen,  and  leave  a  residuum  which 
contains  free  carbon,  to  which  it  owes  its  black  colour. 

*  The  uuinbcr  of  these  organic  acids  is  rather  considerable, 
and  the  properties  of  several  of  them  are  not  perfectly  known, 
because  they  have  hitherto  been  produced  or  extracted  from 
natural  substances  in  too  small  proportion  to  allow  of  a  complete 
investigation. 

'  The  pNdpitate  thus  formed  being  adnble  in  muriatic  acid,  and  nearly  insoluUa 
in  ncftic  and  in  oxalic  acids,  and  being  converted  into  carbonate  of  lime  by  ignition. 
The  precipitation  of  Uie  oxalic  acid  by  Mite  of  lime  is  much  promoted  by  additton 
of  ammonia. — Ed. 
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*  And  as  they  all  oonmst  of  the  same  constituent  principles, 
bat  united  in  Tarious  proportions  only,  it  is  exceediugly  difficulty 
and  cveii  iu  many  cases  it  is  altogether  impossible,  to  distinguish 
them  by  means  of  re-agents,  especially  when  the  analysU  cau 
dispose  of  only  small  quantities,  which  is  frequently  the  case. 
It  is  only  by  investigating  their  capacity  of  saturation,  and 
by  making  a  quMlitativc  analysib  of  their  elements  tliat  they  can 
be  distinguished  from  each  other.  We  shall  see  at  the  end  of 
the  second  volume  how  these  researches  must  be  conducted. 

*  Some  of  these  adds,  however,  are  more  frequently  met  with 
than  others  in  the  course  of  chemical  analysis,  because,  in  a 
bcientilic  or  iua  technical  point  of  view,  they  have  mure  import- 
ance. Some  of  them  are  found  in  commerce,  others  are  produced 
in  a  great  number  of  chemical  operations,  owing  to  which  larger 
(piantities  are  procurable,and  thus  can  be  submitted  to  qualitative 
analytical  research. 

*  The  behaviour  of  these  latter  only  towards  re-agents  will  be 
briefly  indicated,  as  also  the  system  which  should  be  adopted  for 
the  purpose  of  distinguishing  them  from  each  other  by  means  of 
re-agents.  They  may  be  divided  into  two  classes :  Ist.  A.  Tliosc 
which  cannot  be  volatilised  by  heat  without  undergoing  decom- 
position. 2nd.  B.  Those  which  can  be  completely,  or  almost 
completely,  volatilised  without  being  decomposed. 

A.  NON-VOLATILK  ORGANIC  ACIDS. 

*  In  the  free  state,  combined  with  water  only,  they  blacken 
very  much  when  heated,  and  after  ignition  in  a  small  glasa 
tube  closed  at  one  end,  they  leave  a  considerable  residuum  of 

free  carbon.  Their  stilts  blacken  also  considerably  under  the 
influence  of  heat ;  those  which  they  form  witli  the  tixed  alkalies, 
baryta,  strontia,  lime,  are  thereby  converted  into  a  mixture  of 
carbonates  and  of  charcoal. 

*  When  to  the  aqueous  solution  of  these  non-volatile  organic 
acids  a  solution  of  a  pehsalt  or  iron  is  added,  the  j)eroxyde  of 
iron  cannot  be  precipitated  by  ammonia,  or  by  other  soluble  bases, 
either  in  the  pure  state,  or  in  that  of  carbonate ;  the  solution 
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jremaius  perfectly  clear.   A  precipitate  oiparojiryde  of  iron  is  pro- 
doced  only  when  an  insufficient  quantity  of  non-volatile  organic 
acid  has  been  employed.   The  presence  of  non-Yolatile  organic 
acids  prevents  also  alumina,  and  many  metallic  oxydes  from 
being  precipitated  by  the  alkalies ;  only  in  such  cases  a  quantity 
of  oiganic  add  is  required  larger  than  that  which  is  sufficient 
to  pieyent  the  precipitation  of  peraxyde  qf  iron.  The  presence  of 
metallic  oxydes^  when  their  solutions  contain  non-volatile  organic 
acids,  cannot  be  recognised,  except  by  sidphurelted  hydroyen,  or 
(after  first  saturating  the  liquid  with  ammonia)  by  hydro9id- 
phuret  fif  ammiioiMa.   In  order  to  detect  aiwmm  in  such  casesi 
the  solution  must  be  evaporated  to  dr3mes8^  the  residuum 
ignited  in  order  to  destroy  the  organic  acid,  and  what  is  then 
left  must  be  treated  by  muriatic  acid.    Alumina  may  then  be 
detected  in  this  solution  by  means  of  the  ordinary  re-agents. 

*  The  fum-<K>fa<ife  orgame  aeid§  may  be  distinguished  from 
those  Mliich  are  volatile  by  the  peculiar  behaviour  of  their 
solutions  towards  solution  of  y£llow  fbussiate  of  potash 
{ejfa$iurefeirro$fqMfUunque)  in  presence  dperoicyde  of  iron. 

*  When  peroxyde  of  iron  is  dissolved  in  a  volatile  add,  dther 
orjiiaiiic  or  iuorguuic,  if  a  solution  of  ferrocy  anurkt  of  potash 
be  added  to  the  liquid,  a  precipitate  of  prnssian  blue  is  formed^ 
even  though  the  solution  of  the  persalt  of  iron  has  been  rendered 
bssicy  by  adding  thereto  a  little  ammonia,  but  not  in  sufficient 
quantity  to  produce  a  precipitate  of  hydrate  of  peroxyde  of 
iron ;  if  ammonia  be  added  in  sufficient  quantity  completely  to 
predpitate  the  hydrate  of  peroxyde  of  iron,  the  further  addition 
otferroeyanurti  qfpotamum  causes  a  deep  reddish-brown  pred- 
pitate of  a  basic  persalt  of  iron,  which  predpitate  in  invariably 
produced  when  prussian  blue  is  treated  by  amnion ia. 

*  If,  on  the  contrary,  a  non-volatile  organic  acid,  such  as,  for 
example,  tartaric,  paratartarie,  eiirie,  or  maHc  acida,  be  poured 
in  the  solution  of  a  persalt  of  iron,  and  then  if  a  very  small 
quantity  of  ammonia  he  added,  so  as  only  to  render  the  solution 
of  the  persalt  of  iron  slightly  basic,  the  further  addition  of 
ftrrocyamret  qfpotaakm  does  not  produce  any  predpitate  of 
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pnissian  blue,  and  if  a  largre  excess  of  ammonia  be  added,  nothing 
is  precipitated,  the  solution  remains  clear;  it  ia  only  when  there 
is  too  small  a  proportum  of  noii*Yolatile  organic  acid  tliat  a 
brown  colour  does  iippcar;  but  even  then  no  preciintate  is 
produced.  The  precipitate  of  prussian  blue  takes  place  only 
when  the  liquor  is  rendered  acid  by  the  addition  of  an  acid 
of  whatever  kind^  even  a  volatile  organic  add.  The  same 
phenomena  are  likewise  produced  when  the  non-volatile  organic 
:u  i(ls  are  combined  with  peroxyde  of  iron,  so  as  to  produce 
soluble  basic  salts ;  in  such  cases^  the  addition  of  ferrocyanuret 
qf  pota$rinm  to  the  solution  produces  no  precipitate  of  proaaian 
blue,  except  the  combination  be  neutral  or  acLd^  in  which  case 
sudi  a  precipitate  is  formed. 

*  Those  substances  which  are  not  acid,  not  volatile,  and  wljich 
are  soluble,  such  as  mgar,  behave  like  the  non-volatile  organic 
acids. 

^  Pho9phwr%e  and  oTHmc  aeitb  react  in  the  same  manner 

when  their  combiuutions  witli  peroxyde  of  iron  are  dissolved  in 
ammonia,  if errocyanuret  of  potasnum  produces  no  change  in  such 
a  liquor,  and  it  is  only  after  having  supersaturated  them  with 
an  add  that  a  precipitate  of  prussian  blue  can  be  obtained. 

a.  TARTARIC  ACID,  C^+U.-fO^. 
(ileiife  AwWigiie.) 

*  Tabtaric  acid,  which  contains  water  of  ciystaDisation, 

forms  lai'gc  crystals,  wliich  are  not  altered  by  exposure  to  the 
air,  and  do  not  thus  lose  their  water '.  This  acid  is  veiy  soluble 
in  water,  and  is  likewise  easily  soluble  in  alcohol. 

*  Tartaric  add  forms  with  the  alkalies,  salts,  which  in  the 
neutral  state  are  much  more  soluble  in  water  than  in  the  state 
of  acid  salts.  The  supertartrates  are  not  rendered  more  soluble 
by  the  addition  of  a  larger  quantity  of  tartaric  add,  nor  does 

*  Even  a  heat  sufficient  to  decompose  tartaric  add  cannot  deprive  tlie  cn  ^tala  <rf 
their  water.  Anhydi'oun  tartaric  acid,  as  well  as  anhydrous  oxalic  or  nitric  acid,  in 
a  free  state,  is  unknown.  The  crystals  of  tartaric  acid,  according  to  ficrzeHus, 
contain  1 1  -85  pur  cent  of  conBtituiiooal  water,  but  contain  nu  water  of  cr^-bt«Ui«^ 
ttOII*~-£D* 
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acetic  or  any  other  organic  acid  augment  their  solubility^  but 
they  are  dissolved  by  the  strong  inargauic  acids^  such  as  sulphuric 
acid,  muriatic  add,  nitric  acid,  and  even  by  oxalic  add.  The 
combinations  of  tartaric  acid  with  the  alkaline  earths  are 
insoluble^  or  sparingly  soluble,  but  they  are  easily  dissolved  by 
an  excess  of  tartaric  acid.  The  case  is  the  same  with  the 
compounds  of  tartaric  add  with  most  metallic  oxydcs,  with 
whieh^  however,  when  they  constitute  a  weak  Ijase,  tartaiic 
acid  produces  salts,  which  are  very  soluble  and  deliquescent. 

I  have  already  indicated  (pages  2  and  3)  how  tartaric  add 
behaves  towards  solutions  of  potash.  The  reaction  is  character- 
istic. But  the  solutions  of  hydrate  or  of  carbonate  of  potash  are 
of  no  avail  iur  detecting  small  portions  of  tartiuie  acid,  because 
a  slight  excess  of  these  re-agents  is  sufficient  to  prevent  the 
formation  of  the  precq^itate  of  bitartrate  of  potash.  It  is  much 
better,  therefore,  to  employ  saturated  solutions  (in  the  cold)  of 
chloride  of  potjissium,  of  nitrate,  or  of  neutral  sulphate  of  potash, 
an  excess  of  which  does  not  prevent  the  formation  of  the  preci- 
pitate of  bitartrate  of  potash,  provided  always  that  the  quantity 
of  liquid  be  not  so  large  as  to  form  a  liquor  so  diluted  that  this 
salt  will  dissolve  therein. 

*  It  has  been  observed,  (page  3),  that  bitartrate  of  potash  ia 
soluble  in  solutions  of  the  pure  alkalies^  and  of  the  carbonates  of 
alkalies^  and  also  in  the  strong  adds.  A  solution  of  bisulphate 
of  potash,  to  which  dther  a  large,  or  a  moderately  large  quantity 
of  solution  of  tartaric  acid  is  added,  \nelds  no  deposit  of  bitar- 
trate of  potash,  at  least  only  an  insignij&cant  one  is  produced  in 
certain  cases,  when  a  large  proportion  of  tartaiic  add  is  mixed 
with  a  very  small  one  of  bisulphate.  On  the  contrar}%  the 
solution  of  .sulphate  of  potash  produces  in  that  of  the  soluble 
neutral  tartrate,  a  predpitate  of  bitartrate  of  potash,  which, 
however,  is  redissolved  by  an  excess  of  the  re-agent  ^ 

>  IKlutnteof  potMhifl  mudi  le«  sohible  in  water  miawd  wMisloobol  Uum  in  water 

alone,  and  its  solubility  is  not  increased  by  either  tartaric  or  acetic  acid  ;  wherefore 
it  is  advisable  to  add  alcohol  to  the  solution,  and  to  employ  acetate  of  potash  in 
preferenoe  to  other  adUa  of  potash  as  a  test  for  tartaric  acid.   Violent  agitation 
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*  A  solutioii  of  CHLOEiDB  OP  CALCIUM,  OF  of  another  solnble 

salt  of  lime,  produces  no  i)rccipitiitc  in  one  of  tartaric  acid, 
even  after  a  loug  time ;  if,  however^  the  acid  has  been  saturated 
with  a  baae^  for  example^  with  ammonia,  an  abundant  white 
firecipitate  of  tartrate  of  lime  is  formed.  A  solution  of  sulfhatb 
OF  LIME  does  not  trouble  one  of  tartaric  acid,  even  after  a  -very 
\oT\^  time.  Lime  water  added  to  a  small  quantity  of  tartaric 
acid  in  such  a  proportion  that  it  (the  lime  water)  predominates  so 
as  to  turn  reddened  htmus  paper  blue«  yields^  in  the  cold,  an 
immediate  precipitate  of  tartrate  of  lime  completely  soluble  in  a 
small  quantity  of  a  solution  of  sal-ammoniac,  but  not  in  pure 
ammonia.  This  phenonieuon  takes  place  even  thougli  the 
lime  water  be  diluted  with  a  quantity  of  water  equal  to  its  own 
volume. 

*  When  a  solution  of  tartaric  acid  is  added  to  a  solution  of 

chloride  of  calcium,  and  a  solution  of  potash  is  further  added, 
the  latter^  provided  the  quantity  employed  be  not  consider- 
able, produces  a  precipitate  of  tartrate  of  lime,  at  the  ordinary 
temperature,  but  an  excess  of  solution  of  potash  completely 
re-dissolvCvS  the  precipitate,  and  the  liquor  becomes  clear  a^^ain. 
If,  however,  it  be  heated  then,  it  Ijccomes  very  turbid,  owing  to 
a  separation  of  tartrate  of  lime,  which,  if  it  be  abundant,  causes 
the  liquor  to  stiffen  into  a  jelly  by  ebullition.  After  cooling-, 
the  precipitate  disappears  coiuplctcly,  and  the  liquor  appears 
again  as  limpid  as  before  heat  was  applied.  These  phenomena 
may  be  reproduced  with  the  same  liquor  as  often  as  the  operator 
may  see  fit. 

*  A  solution  of  acetatl  or  lead  produces  immediately  in 
one  of  tartaric  acid  an  abundant  precipitate  of  tartrate  of  lead, 
insoluble  in  even  a  large  quantity  of  water,  easily  and  com- 
pletely soluble  by  addition  of  ammonia. 

*  A  solution  of  tartaric  acid  poured  in  one  of  nitrate  of 
siLYEB,  does  not  render  it  turbid  except  ammonia  be  added 

promotes  the  precipitation  of  tho  hitartnite  of  potash  thus  formed  ;  and  if  the  sohi- 
tion  be  neutral,  it  is  best  to  add  acetic  acid  and  tiien  acetat«  of  potash  and  some 
alcohol. — Ed. 
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iu  sufficient  quantity  to  saturate  the  acid,  in  wliicli  case  a  white 
precipitate  of  tartrate  of  silver  is  produced,  whidi  is  easily  dis- 
solved hy  an  excess  of  ammoma.  A  solution  of  neutral  taktbatb 
OP  POTASH  produces  immediately  an  abundant  precipitate  of 
tartrate  of  silver,  which,  by  boiling,  is  completely  reducible  into 
metallic  silver,  an  effect  which  is  not  so  well  perceived  with  the 
precipitate  produced  by  tartrate  qf  ammoma. 

*  A  solution  of  tartaric  add  produces  an  immediate  white 
precipitate  in  solution  of  svbnitbatb  op  mercury,  {nUrate 
merciireux.) 

*  Free  tartaric  acid  does  not  reduce  ferculoride  of  gold, 
even  by  boiling.  After  a  very  long  time  has  elapsed,  only  an 
insignificant  quantity  of  gold  is  found  to  have  separated  with  a 
yellow  colour.  If,  however,  an  excess  of  solution  of  potash  be 
added,  the  ^old  is  at  once  precipitated  under  the  form  of  a  black 
powder  in  a  state  of  great  division. 

.  *  When  concentrated  sulphuric  acid  is  poured  upon  crystals 
of  tartaric  acid,  or  of  a  tartrate,  they  do  not  become  coloured 
in  the  cold;  but  after  a  somewhat  long  time,  the  siilplumc  acid 
dissolves  the  tartaric  acid,  and  it  remains  colourless  ;  but  if  heat 
be  applied,  it  immediately  turns  brown,  and  ultimately  becomes 
of  a  veiy  deep  black  colour,  sulphurous  add  being  at  the  same 
time  disengaged.  Fkumnff  m^hurie  acid  dissolves  likewise  in 
the  cold  the  crystals  of  tartaric  acid,  ^vith  which  it  is  left  in 
contact  for  a  long  time,  with  frequent  stirring,  and  then,  even 
after  a  veiy  long  time,  it  only  turns  slightly  brownish;  but 
if  heat  be  applied,  then  it  turns  brown,  though  more  slowly 
than  happens  with  the  non-fuming  acid,  sulphurous  acid  is 
disengaged,  and  it  ultimately  becomes  black.  AVhen,  instead 
of  tartaric  acid,  crystals  of  tartrates  are  heated  with  fuming 
sulphuric  add,  it  does  not  turn  brown,  but  remains  colourless  *. 

*  When  tartaric  add  is  heated,  the  first  impression  of  heat 
converts  it  into  a  colourless  li(iuid,  which  an  increase  of  tcmpei  a- 
ture  turns  brown,  and  which  ultimately  becomes  carbonised, 

*  Boiling  in  nitric  acid  partly  converiB  tartaric  acid  iuto  oxalic  and  malic  acida. 
— ^En. 
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whilst^  at  the  same  time^  it  exhales  very  pungent  vapoun.  The 
odour  of  the  yapoun  reaemhles  that  of  burning  sugar.  The 
quantity  of  charcoal  left  is  very  small.   Serenil  tartrates  which 

have  metallic  oxvdcs  for  a  base,  emit  likewise  when  heated  an 
odour  of  caramel  (burnt  BUgar)^  but  which  is  weaker  than  that 
produced  by  the  pure  add.  The  tartrates  of  alkalies  do  not 
emit  this  odour  perceptibly. 

*  The  behaviour  of  tartaric  acid  with  solutions  of  potash,  even 
that  of  tartrate  of  potash  with  this  re-agent,  is  so  characteristic, 
that  tartaric  acid  cannot  be  confounded  with  any  other  acid 
which  has  been  hitherto  treated  of.  The  peculiar  odour  which  it 
emits  by  exposure  to  destructive  heat  is  likewise  chaFBCteristic 

6.  PABATARTARIC  AQD,  C^H.+O,. 

[BAGBIUO  ACID.] 

*  In  combin;itii)n  with  water,  paratartaric  acid  forms  crystals 
which  at  a  moderate  heat,  cfFcrveace,  lose  half  their  water^  and 
fall  into  a  white  powder.  Left  exposed  to  the  air,  at  the  ordi- 
nary temperature^  these  dystals  undergo  no  change.  Paratar- 
taric acid  is  less  soluble  in  water  and  in  alcohol  than  tartaric 

acid. 

*  Like  tartaric  acid,  parataitaric  acid  forms,  with  the  alkalies, 
sslts  which  are  much  more  soluble  in  the  state  of  neutral  than 
in  that  of  acid  salts.  The  salts  which  it  produces  with  the 
alkaline  cart  lis  are  insohdjle  or  sparingly  soluble,  but  they 
dissolve  in  an  excess  of  acid. 

*  A  solution  of  potash  behaves  towards  paratartaric  acid  as 
towards  tartaric  add.  The  precipitate  of  biparatartrate  of  potash 
is  produced  in  the  same  circumstances  as  that  of  bitartrate, 
except  that  the  former  is  more  rapidly  formed  because  much 
less  soluble  than  bitartrate  of  potash.    The  best  method  of 

'  raratartaric  (or  raccinic  acid)  is  the  only  Acid  with  which  it  may  hp  oasily 
confounded  ;  tartaric  aoid  may,  ho\vf>vcr,  he  rcivdily  distinguished  by  the  Ixdiaviour 
of  the  precipitates  produced      lum-waUr  and  sulpJiate  of  lime    See  Paratartaric 
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detecting  small  quantities  of  paratartaric  add^  connsts  in  taking 
saturated  solutionB  (in  the  cold)  of  chlobidb  of  voTAnaivu,  or 
of  NITRATE,  or  of  noutral  sulphatb  of  potash,  an  excess  of 

which  mav  even  be  added  to  a  sohition  of  tlie  acid.  The  acid 
paratartrate  of  potash  is,  hkc  the  bitartrate,  soluble  in  the  pure 
ftlii;ftlifl>  and  carbonates  of  alkalies,  and  likewise  in  nitric,  mnri- 
atic,  and  sulphnrio  acids;  wherefore  a  solution  dbimt^hate 
potash  does  not  produce  any  precipitate  of  superparatartrate  of 
potash  in  a  aolution  of  paratartaric  acid,  whilst  a  precipitate  is 
produced  by  that  re-ageut  in  a  solution  of  a  neutral  paratartrate, 
when  not  added  in  too  large  a  quantity. 

*  A  solution  of  paratartaric  acid  forms  almost  immediately 
an  abundant  precipitate  of  paratartrate  of  liino  in  a  concentrated 
solution  of  cuLORiDK  OF  calcium;  if  the  latter  solution  be  too 
dilute,  the  precipitate  is  formed  only  after  some  time.  Paratar- 
taric add  does  not  produce  immediately  a  precipitate  in  solution 
of  8ULPHATB  OF  LIMB,  but  in  tho  oourse  of  a  quarter  of  an  hour 
the  Uquor  begins  to  appear  tnrbid,  and  shortly  Jifter  a  precipitate 
of  paratartrate  of  lime  is  formed.  An  excess  of  limb-watbb 
po<iired  in  a  solution  of  paratartaric  add,  so  that  the  liquor  may 
hare  an  alkaline  reaction  upon  reddened  litmus  paper,  produces 
immediately,  in  the  cold,  a  precipitate  of  paratartrate  of  lime, 
which  is  almost  insoluble  in  a  solution  of  muriate  of  ammonia ; 
at  any  rate,  a  considerable  quantity  of  this  solution  is  required 
to  dissolve  a  portion  of  it. 

If  a  solution  of  chlobidb  of  calcium,  and  then  immediatdy 
afterwards  one  of  potash,  be  added  to  a  solution  of  paratartaric 
acid,  a  precipitate  of  paratartrate  of  lime  is  produced,  partially 
but  not  totally  soluble  in  a  large  excess  of  solution  of  potash. 
This  reaction  distinguishes  paratartaric  from  tartaric  add. 

*  A  solution  of  paratartaric  add  immediately  produces  in  one 
of  ACETATE  OF  LEAD  a  thick  whitc  precipitate  of  paiaiartiate  of 
lead,  very  soluble  in  ammonia. 

*  A  solution  of  paratartaric  add  does  not  produce  an  imme- 
diate predpitate  in  aolution  of  nitbate  of  siltbb,  but  after 
some  time  paratartrate  of  silver  separates  under  the  form  of  an 
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abuadaut  white  precipitate^  by  saturating  the  free  acid  by 
ammonia.   This  precipitate  is  soluble  in  an  excess  of  ammonia. 

*  Paratartaric  acid  determines  in  solution  of  subnitratb  op 
MERC  I  in  {nifrate  mercureux)  an  immediate  white  precipitate 
of  paratai'trate  of  mercury. 

*  The  behaviour  of  paratartaric  add  towards  pbrchlokidx 
OP  GOLD  is  the  same  as  that  of  tartaric  acid  (page  396.) 

*  If  concentrated  sulphuric  acid  he  poured  upon  crystals 
of  paratartaric  acid  or  of  a  paratartrate,  a  little  paratartaric  acid 
is  dissolved  by  it.  In  the  cold,  however,  the  solution  remains 
colourless ;  but  after  a  long  space  of  time,  or  by  heating  the 
liquor,  the  mlpkuric  acid  reacts  upon  it  as  upon  tartaric  acid 
(page  m.) 

*  Fuming  sulphubic  acid  does  not  render  paratartaric  acid 
brown,  in  the  cold,  even  after  a  long  time;  or,  at  least,  if  a 
brownish  tinge  be  thereby  imparted,  it  is  exceedingly  slight ; 
but  if  heat  be  applied,  an  odour  of  sulphurous  acid  becomes 
immediately  perceptible,  though  the  liquor  remains  perfectly 
colourless.  This  reaction  is  characteristic  and  distinguiahea 
paratartaric  from  tartaric  acid.  The  paratartrates  behave  in.  the 
same  manner. 

*  When  paratartaric  acid  is  heated,  its  behaviour  resciiil)le8 
much  that  of  tartaric  acid  and  of  its  salts.  That  is  to  say, 
paratartaric  acid  and  several  metallic  paratartrates  disengage 
the  odour  of  burnt  sugar  like  tartaric  acid. 

*  Tartaric  is  of  all  acids  that  with  which  paratartaric  acid 
might  be  more  easily  confounded,  especially  as  regards  its 
behaviour  with  solutions  of  potash ;  but  paratartaric  acid  is 
distinguished  principally  from  tartaric  add  by  the  behaviour  of 
the  precipitate  produced  by  lime-water  towards  muriate  of 
ammonia,  and  also  by  its  reaction  with  gulphate  of  lime  \  It 

'  TJiat  is  to  siiv,  ((irtrate  of  time  is  soluble  both  iu  muriate  of  animonla  and  in 
tartttio  acid,  though  it  separates  agsin  from  thte  solution  in  muriate  of  ammonia 
•Itor  a  oertein  ]«pw  of  (iuw.  On  tho  odotrary,  porotfarArafe  qf  lime  is  ioMloUa 
both  in  moiiate  of  anunonia  and  in  twtaiic  aoid. 

Solution  of  sulphate  of  lime  in  toivtion  of  flnee  Utrtarie  ocMlprodnoes  no  p««c^ilale^ 
and  in  aolotiopa  of  nmtral  imtrokt,  after  aoine  time,  a  winnte  pgedpitote  cully.  On 
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has  some  resemblance  with  oxalic  acid  bv  its  behaviour  with 
solution  of  sulphate  of  lime^  but  it  diiters  from  it  by  the 
plienomena  which  are  ^roduoed  when  submitted  to  the  action 
of  heat  or  of  concentrated  sulphuric  add.  These  two  charac- 
teristic reactions  render  it  easy  to  distinguish  piuutart rates 
from  oxaktes. 

CITRIC  ACID,  C\  +  ll  +0^. 
{Acid4  Oiirigm.) 

*  Free  eiirie  acid  may  contain  wiable  quantities  of  water, 
and  then  it  assumes  the  fbnn  of  large  crjrstals,  or  of  a  non- 
crystalline mass Wlien  pure  it  is  not  altered  by  exposure, 
and  does  not  deliquesce  in  the  air.  It  is  vezy  soluble  both  in 
water  and  in  alcohol. 

*  With  the  alkalies  it  fonns  soluble  salts  which  an  excess  of 
acid  does  not  render  less  soluble ;  with  the  alkaline  earths  and 
most  metallic  oxydes  it  produces  salts,  which  are  sparingly 
soluble  or  insoluble.  Those  which  it  forms  with  such  of  the 
metallic  oxydes  as  are  weak  bases  are  very  soluble. 

*  Solution  of  POTASH  always  produces  soluble  precipitates 
with  solutions  of  citric  acid,  or  of  the  soluble  citrates'. 

*  A  solution  of  citric  acid  produces  no  precipitate  in  solution 
of  CHXtoaiDB  or  calcivm.  By  saturating  the  acid  by  ammonia^ 
a  prec^itate  of  [neutral]  citrate  of  lime  is  produced^  provided 
the  solutions  are  not  too  dilute.  In  more  dilute  sohitions  no 
precipitate  is  immediately  formed  in  the  cold,  but  in  the  course 
of  a  few  hours  a  precipitate  of  citrate  of  lime  is  produced^  which 
at  first  is  inconsiderable,  but  which  augments  in  course  of 
time.   Yet  when,  after  having  mixed  the  solutions  in  the  cold, 

liM  eoninyyyiolatiod  of  lolphatB  ef  lime  pvod^ 

•  pwdpiarte  of  psntartmte  of  line^  sad  in  soliitloiw  of  >lw  jMraMcwie  add  m 
white  predpttato  io  also  prodiiood,  but  onij  altar  Ibe  lapaa  of  about  a  qpartar  of  an 

hour— Ep. 

*  Citric  Rcid  alwRys  contains  one  equivalent  of  constitutional  water,  but  the 
proportiona  of  water  of  crystallisation  vary  according  to  circumstiuiccs. — Ed. 

'  It  is  owing  to  this  that  citric  acid,  like  tartaric  acid,  prevents  the  procipitati<m 
of  pflNisjdo  of  inm,  of  protoxydo  of  manganeae,  ahnniaa,  &c.,  hy  alkalies,  hooama 
■ohiUa  donUe  oalta  are  thna  fomwd  wfaidi  are  not  deoompoaabte  by  alkaUea^Eo. 
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no  precipitate  is  obtuined,  the  whole  of  the  [neutral]  citrate 
of  lime  is  suddenly  precipitated  by  boiling  the  whole  imme- 
diately*. LiMB-WATBB  poured  m  a  Bolution  of  dtcic  add  in 
sufBciont  quantity  to  giTB  an  alkaBne  reaction  to  the  liqnor, 
that  iS;  so  that  the  liquor  will  render  reddened  litmus  paper 
blue,  produces  in  the  cold  a  very  spare  precipitate  only  when 
the  solutions  are  very  concentrated,  and  provided  a  large  excess 
of  lime-vater  be  used.  Yet  if  the  lime-water  be  boiled  with 
the  citric  acid^  the  whole  becomes  very  turbid^  and  a  consider- 
able precipitate  of  citrate  of  lime  is  formed.  The  greater  part 
of  it  is  re-dissolved  by  the  liquor  as  it  cools.  It  is  necessary  for 
the  production  of  this  phenomenon  that  there  be  a  considerable 
excess  of  Ibne^waier;  in  the  contrary  case^  if  no  more  lime- 
water  is  employed  than  is  sufficient  slightly  to  supersaturate 
the  acid,  although  the  reddened  litmus  paper  turns  very 
sensibly  blue,  a  precipitate  of  citrate  of  lime  cannot  be  obtained 
either  in  the  cold  or  by  boiling.  If  the  excess  of  Ume-water  is 
a  little  more  considerably  no  turbidness  is  produced  in  the 
cold :  ebullition  determines  a  precipitate  of  citrate  of  lime  which 
completely  disappears  on  cooling.  This  precipitate  reappears 
upon  again  causing  the  liquor  to  boil,  and  it  again  disappears 
on  cooling :  this  phenomenon  may  be  reproduced  until  a  great 
portion  of  the  lime  contained  in  the  lime-water  is  converted 
into  carbonate  of  lime  by  the  influence  of  the  atmospheric  air*. 

*  AMien  to  a  solution  of  chloride  of  calcium  a  solution  of  citric 
acid  is  first  added,  and  then  a  solution  of  potash,  a  precipitate 
of  citrate  of  lime  is  formed,  which  is  not  altered  by  ebullition. 

*  Citric  acid  immediately  produces,  in  a  solution  of  acbtatb 
OF  LEAD,  an  abundant  precipitate  of  citrate  of  lead,  which 
is  sparingly  soluble  in  ammonia.    This  precipitate  is  more 

*  The  production  of  the  procipitatoof  neutral  citrate  of  lime  by  chloride  of  calcium 
takes  place  only  in  a  solution  of  citrate  of  ammonia,  of  potash,  or  of  soda,  for  free 
diiie  acid  u  not  predpitible  hy  chhride  of  calciumf  aa  just  said,  and  eren  in  sola- 
tfon  ^ciiratt  ^ammom»  no  hninwdto  ia«dpitoto  is  fdmned  by  itmt  re^igent  at 
the  ordimzy  tempeatvxe,  unless  tbe  solntioii  be  ooneaiitt»tML->Eii. 

'  This  effect  is  dne  BMrslly  to  cUnto  of  lino  being  more  wlnble  in  cold  tluu  in 
hot  «ater.~£o. 
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soluble  in  that  alkaU  when  a  conaiderable  excess  of  citrio  add 
lias  been  employed  *. 

*  A  solution  of  nitrate  op  silver  is  not  rendered  turbid  by 
citric  acid:  if  the  acid  be  saturated  by  ammonia  a  white 
precipitate  of  citrate  of  silver  is  formed^  soluble  in  an  excess  of 
ammonia. 

*  Citric  acid  determines  au  immediate  precipitate  of  citrate  of 
siiboxyde  of  mercury  in  a  solution  of  bubnitrate  of  mebcuey. 

*  Citric  add  behaves  with  sdntion  of  PBRCHLoaina  ot  ooLn 
like  tartaric  add  (page  897). 

*  CoNCENTBATEn  smLPBtmic  ACin  in  the  cold  dissolves  citric 
acid  and  the  citrates  without  being  coloured  thereby,  even  after 
the  lapse  of  a  long  time.  By  stirring  the  mixture  the  acid  becomes 
firothyy  on  aoooont  of  the  gas  which  is  disengaged*  This  gas  on 
being  ignited  bnms  with  a  bine  flame,  like  csrbonie  oxyde  gas 
but  the  sulpluiric  acid  is  not  coloured  thereby,  and  no  odour  of 
sulphurous  acid  is  evolved.  It  is  only  by  a  prolonged  ebullition 
tbat  the  acid  becomes  at  first  brown,  then  black,  and  then 
eulpborons  add  is  disengaged. 

*  Fuming  suLi  iii  iuc  acid  dissolves  citric  acid  in  the  cold, 
without  becoming  frothy  or  coloured ;  by  applying  heat  a  gas  is 
disengaged,  which  likewise  bnms  with  a  blue  flame.  After  a  pro- 
longed ebullition  the  sulphuric  add  turns  black,  and  sidphuxous 
acid  is  disengaged. 

*  WTien  citric  acid  is  heated  it  fuses  into  a  colourless  liquid, 
after  which  it  turns  first  brown  and  then  black,  very  puogcnt 
fumes  being  at  the  same  time  evolved,  but  which  have  not  the 
odour  of  burnt  sugar.  The  diarooal  which  is  left  behind  is  not 
80  voluminous  us  that  which  is  left  by  tartaric  acid. 

^  Free  citric  acid  is  very  easily  recognized  by  its  behaviour 
with  uks-watbe;  its  salts  may  also  be  readily  distinguished  bj 
tiidr  leactbn  with  chlobips  op  calcium.    By  means  of 

*  SelntiMi  ti  pf  iMMNM&s  or  mi  •ddWon  of  dirio  add  to  liio  esooM  of 
Momtei*  onployed,  m  jutft  mid,  euUy  teilvM  tlik  pvoe^Me^ED. 

*  Tho  pm  ovolvod,  aoooidiiig  to  Dr.  VgymaAvh  ^  *  nixinw  of  CMbonio  add  and 
of  oailMiQie  oiyde^Eii. 
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solution  of  potash  it  may  be  distinguished  irom  tartaric  and 
pazatartaric  acids 

d.  MALIC  ACID,  C«U,0«. 
(AcMeJfoKfliie.) 

*  Malic  acid  is  difficult  to  obtain  in  the  crystallised  state ;  it 

is  generally  in  the  state  of  a  granular  crystalline  mass.  It 
deliquesces  in  the  air,  the  moisture  of  which  it  absorbs,  and  is 
thereby  converted  into  a  syrupy  liquid.  It  is  yery  soluble  in 
water  and  in  alcohol. 

*  With  the  alkalies  it  forms  very  soluble  salts,  the  solubility 
of  which  is  not  diminished  by  an  excess  of  acid.  Its  combina- 
tions with  most  other  bases  are  likewise  soluble. 

*  A  solution  of  potash  always  produces  a  soluble  precipitate 
in  solution  of  maUc  acid,  or  of  the  soluble  malates.  * 

*  A  solution  of  chloride  of  calcium  is  not  troubled  by  one 
of  mahc  acid^  even  by  saturating  tlie  acid  with  ammonia.  If, 
howerer,  alcohol  be  added  to  the  liquor,  a  white  precipitate  of 
malate  of  Ume  separates.  Neither  solution  of  sulphatb  of 
LIMB,  nor  even  limb-watbb  in  excess,  can  produce  a  precipitate 
in  sulutiun  of  malic  acid\ 

*  A  solution  of  malic  acid  determines  an  immediate  and 
abundant  precipitate  of  malate  of  lead  in  solution  of  acbtatb 
OF  LBAD.  This  precipitate,  by  boiling  the  liquor,  becomes  agglo- 
merated and  viscid,  as  does  rosin  when  treated  by  boiling  water. 
The  precipitate  is  rcdissolvctl  by  ;i  larger  quantity  of  malic  acid, 
but  again  reappears  immediately  by  saturating  the  ii'ce  acid  with 
ammonia,  an  excess  of  which,  however,  completely  re^dissolves  it. 

*  A  solution  of  nitbatb  of  silvbe  is  not  troubled  by  that  of 
malic  acid.    By  saturating  the  free  acid  with  ammonia  a  white 

(  TvtnleudpsnlHlnteoflMdaTOTeiyMlvlte 
lead  is  only  rery  tpiriiigly  ao:  tfak  dumetar luqralM  Mrra  thodbn  todistii^nMh 

dtric  from  tartaric  and  paratartavie  adds.— £o. 
■  Like  tartaric  and  citric  addd^  oialio  add  prorvifta  Che  pvadpitatioii  of  perozyda 

of  iron  by  alkalies. —  En. 

'  Of  course  the  abacaec  of  thoso  arids  which  produce  with  linu  -w:\t«  r,  chloride  of 
caldsin,  and  otber  salts  of  lime,  precipitates  which  are  sparingly  soluble  iu  water 
aii4  inMlnUa  in  aleoliol,  ahoiiM  be  first  ascertained.— Ed. 
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precipitate  of  malate  of  silver  is  produced,  which  after  some  time, 
eren  in  the  cold,  becomes  blackish  or  gre^.  This  precipitate  is 
soluble  ia  an  excess  of  amnumia. 

The  solution  of  malic  acid  at  once  determines  airhite  preci- 
pitate of  malatc  of  suboxide  of  mercury  in  solution  of  sub- 

NITJIATE  OF  MERCUBY. 

*  A  solution  of  pirchlobidb  or  gold  behaves  with  malic 
add  in  the  same  manner  as  towards  tartaric  add  (page  397). 

*  Concentrated  sulphuric  acid  is  not  rendered  ])ro\vn  by 
malic  acid  or  the  malates^  but  by  protracted  boiling  it  at  first  turns 
brown  and  then  black,  and  an  odour  of  sulphurous  add  is  evolved, 

*  FuMiNo  sTTLTHUBic  ACID  dissolvcs  malic  add  and  the  malates 
in  the  cold,  without  becoming  coloured*  It  is  not  coloured, 
cither,  by  boiUng,  even  after  a  long  time :  no  sulphurous  acid  is 
evolved,  and  it  remains  colourless.  This  is  a  characteristic 
reaction  which  distinguishes  malic  from  dtric  add  (page  403). 

*  When  malic  add  is  subjected  to  heat  it  fuses,  becomes 
ooloured,  and  disengages  pungent  add  vapours  whidi  do  not 
smell  of  burnt  sugar 

*  Malic  acid  ditfcrs  more  especially  firom  the  preceding  organic 
adds  by  its  behaviour  towards  umb-watbb  and  chlobidb  op 

CALCIUM 

e.  LACTIC  ACID,  C«H»0«. 

*  Lactic  acid  cannot  be  obtdned  in  the  crystallised  state ; 

when  it  has  reached  the  highest  point  of  concentration  it  forms 
a  syrupy  Hquid,  which  is  slightly  soluble  in  water  and  in  alcohol. 

*  With  the  bases  it  forms  salts^  most  of  which  are  soluble 
both  in  water  and  in  alcohol.  The  lactates  of  alkalies  oystallise 
with  difficulty. 

*  The  solutions  of  lactic  acid  and  of  lactates  always  produce 
soluble  precipitates  with  solution  of  potash. 

1  If  the  b«  raised  to  302",  malic  acid  m  resolved  into  maleic  a4nd  aad 
fimark  add,  wtStAi  tmeSion  »  qoitv  dumetariilie.  TIm  moMc  add  moKptm  with 
dBerveMenee  in  fha  di^  of  pnqgenl  add  ftmiM :  ihb  niidiniiD  htfumane  acid, 

Ed. 

*  Sm  die  Dota^  pag»  404. 
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*  These  solutions  are  not  troubled  by  that  of  chloride  of 
CALCIUM  and  of  other  salts  of  lime,  even  when  ammonia  ia 
added.  Limi-watbb  also  fidk  in  produciiig  a  precipitate  when 
boiled  vitli  a  aoliition  of  lactic  add. 

*  A  solution  of  acetate  of  lead  does  not  trouble  the  solntion 
of  lactic  acid^  nor  does  it  produce  any  precipitate  in  those  of 

the  lactates. 

*  A  solution  of  NiTBAU  OF  8ILTBB  IS  Hot  precipitated  bj  one 
of  lactic  add ;  yet,  especially  with  the  help  of  heat,  it  acquires 

a  slight  blackish  tinge^  which  is  dne  to  a  reduction  of  silver. 
Neither  is  a  precipitate  produced  by  saturating  the  free  acid 
with  ammonia. 

*  A  solution  of  subkitbatb  ov  mbbcubt  determines  inime* 
diately  a  white  predpitate  of  lactate  of  mercury  in  that  of  lactic 

acid,  proWded  the  latter  solution  be  not  too  dilute. 

*  A  solution  of  perchloride  of  gold  is  not  reduced  by  a 
solution  of  lactic  acid,  even  by  boiling  the  mixture.  But  if  an 
excess  of  solution  of  potash  be  then  added,  reduced  gold  is 
predpitated  after  a  long  lapse  of  time,  under  the  form  of  a 
black  powder. 

*  A  solution  of  neutral  persalt  of  iron  produces  uo  visible 
precipitate  in  that  of  lactic  add,  even  by  saturating  the  free 
add  with  ammonia,  or  when  the  solution  of  a  neutral  penaU  qf 
ffoti  is  poured  in  that  of  a  neutral  lactate;  ndther  does  the 
liquor  assume  a  blood-red  colour,  as  is  the  case  in  similar 
circumstances  with  the  solutions  of  acetates  and  of  formiates. 
If  after  having  poured  lactic  acid  in  a  solution  of  peroxyde  of 
mm  an  excess  of  omfnoitta  be  added,  the  pmxyde  of  iron  ii  not 
at  first  predpitated  by  this  last  re-agent.  In  this  respect  lactic 
acid  resembles  the  other  non-volatile  organic  acids.  Yet  in 
order  to  prevent  ammonia  from  precipitating  a  given  quantity  of 
peroxyde  of  iiou,  a  much  larger  proportion  of  lactic  acid  is 
required  than  of  tartaric^  paratartaric,  dtric,  or  malic  adds; 
and  even  thoughavery  large  excess  of  lactic  add  may  have  been 
used,  the  liquor  which  during  the  first  few  days  had  remained 
perfectly  clear  begins,  after  a  longer  space  of  time  (a  few  weeks), 
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to  deposit  peroxyde  of  iron.  Wheu  in  a  solution  of  persalt  of 
iron  less  lactic  acid  has  been  poured  tlum  ia  ueceasaxy  to  preveat 
the  precipitation  of  peroxyde  of  iron  by  *mmftnift^  and  ammonia 
is  then  added^  the  liquor  remains  dear,  and  the  excess  of  vohitile 
alkali  in  the  course  of  a  few  hours  determines  the  separation  of 
the  peroxyde  of  iron.  In  this  })articular  respect,  therefore,  lactic 
acid  somewhat  resembles  the  volatile  organic  acids. 

*  CoNCBNTftATlD  BULPBVBIC  ACID  beCOmeS  very  hot  when 

mixed  with  concentrated  lactic  add ;  it  turns  brown,  then  blade, 
and  disengages  an  inflammable  gas.  The  fuming  sulphuric 
ACID  becomes  hotter  still,  and  turns  brown,  whilst  a  combustible 
gas  is  likewise  disengaged. 

*  When  lactic  add  is  heated  it  fuses,  and  if  the  heat  be 
increased,  a  great  portion  may  be  volatilised  without  decomposi- 
tion. A  considerable  residuum  of  charcoal  is  left.  The  volatile 
acid  produced  by  the  action  of  a  high  temperature  has  a  very 
analogous  composition,  because  it  contains  one  atom  of  \vater 
less  than  the  lactic  add  of  the  anhydrous  lactates.  The  solution 
of  this  Tolatile  add  does  not  prevent  (like  the  other  volatile 
adds)  tlie  precipitation  of  peroxyde  of  iron  by  ammonia.  The 
peroxyde  of  iron  is  rapidly  precipitated  by  ammonia  from  a 
solution  which  contains  this  volatile  acid,  and  it  soon  settles. 
The  lactates  turn  very  black  when  heated. 

*  Malic  add  is,  of  all  adds,  that  which  resembles  lactic  add 
most.  It  differs,  however,  from  it  in  an  essential  manner  by  its 
behaviour  with  acstate  of  lead. 

B.  VOLATILB  ORGANIC  ACIDS. 

*  In  a  free  state,  and  combined  with  water  only,  those 
among^st  the  acids  under  present  consideration,  which  are  liquid 
at  the  ordinary  temperature,  are  completely  volatilisable  without 
leaving  mudi  charcoal.  Those  which  may  be  obtained  in  the  solid 
rtate  often  leave,  when  treated  out  of  the  contact  of  the  air,  a 
▼erj'  small  quantity  of  eliarcoal,  especially  if  they  be  not  perfectly 
pure.    The  quantity  of  the  charcoal  thus  left  is,  however,  aud 
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in  all  cases,  very  inferior  to  that  which  is  produced  by  the  action 
of  heat  upon  the  non- volatile  organic  acids. 

*  The  salts  which  these  adds  produce  with  the  fixed  alkaliesj 
such  as  barytay  strantiay  and  lime,  are  oo&yerted  by  heat  inta 
carbonates  mixed  with  charcoal ;  if  the  heat  be  wdl  managed 
the  quantity  of  charcoal  is  very  trifling. 

*  When  a  solution  of  persalt  of  laoN  is  added  to  that  of 
these  adds,  or  of  their  soluble  salts^  the  perozyde  of  iron  may 
be  wholly  predptated  by  the  addition  of  an  excess  of  unmonia 
or  of  another  soluble  base.  The  same  thing  happens  when 
instead  of  a  solution  of  persalt  of  iron  a  solution  of  alununa  or 
of  other  metallic  oxydcs  is  employed. 

a.  SUCCINIC  ACID,  C^HaO,. 
(Acide  Sucdm^.) 

*  Succinic  acid,  when  pure,  may  be  obtained  in  the  form  of 
large  ciystals.  It  is  sparingly  soluble  in  cold  water,  but  more 
soluble  in  hot  water ;  the  concentrated  hot  solution  deposits  on 
cooliiiir  a  ^reat  portion  of  the  acid,  which  crj^stallises.  This  acid 
is  likewise  soluble  in  alcohol,  but  almost  insoluble  in  oil  of 
turpentine  *.  When  ignited  it  bums  with  a  dear  blue  flame^ 
which  is  not  fuliginous. 

*  It  forms  soluble  salts  with  most  bases  :  those  which  it 
produces  with  such  metallic  oxydes  as  act  as  weak  bases  are 
sparingly  soluble  or  insoluble.  In  this  respect,  therefore,  its 
behaviour  is  the  very  reverse  df  the  non-volatile  organic  adds. 

*  A  solution  of  succinic  add  produces  no  predpitate  in  solution 
of  CHLORIDE  OF  CALCIUM  cvcn  by  Saturating  the  free  acid  Avith 
ammonia.  The  other  salts  op  lime  or  lime-water  do  not 
trouble  this  solution  dther'. 

'  According  to  Burzelius,  25  parts  of  cold  and  1  of  Iwjiling  water  dissolve  1  of 
flOodaie  Mid.  Cold  alcohol  diMolvee  it  but  with  difficulty,  whilst  l-o  of  boiling 
•koholdiaMiTas  I  oTsaodiiieMid.  Sacciaie  Mid  is  likewiM  aolidbte  in  etfMr.--£D. 

'  A  mixtaM  of  alodiol,  Mimwinia,  and  ehknida  of  buinm  pvodneM  a  irtiite  pre- 
cipitate of  succinate  of  baryta  in  solntkms  ol  freft  tnooiide  add  and  of  rniffrinatnii 
This  ronctioii  is  characteristic,  and  may  servo  to  distinguish  suooillie  firom  bwiapif? 
acid,  as  will  be  seen  when  thia  laUer  actd  is  treated  of.— £d. 
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*  A  solutiou  of  ACETATE  OF  LEAD  prodoces  in^that  of  suodnic 
acid  a  precipitate  of  neutnd  Bacdnate  of  lead^  insoluble  both  in 
an  excess  of  acetate  of  lead  and  of  succinic  acid  \ 

*  A  solution  of  succinic  «cid  detormiues  no  precipitate  in  one 
of  NiTAATE  OF  SILVER.    Aftcr  a  ccitain  time  a  little  eueeinate 
qfsUver  separates.  When  the  free  acid  is  satuiated  by  ammonia  * 
a  precipitate  of  succinate  of  salyer  is  finrmed,  which  is  easily 
dissolved  by  an  excess  of  ammonia. 

*  A  solution  of  subnitratb  of  mercury  immediately  pro- 
duces a  white  precipitate  of  succinate  of  mercury  in  one  of 
succinic  acid. 

*  A  solution  of  pbrchloride  op  gold  is  not  reduced  by  one 
of  succinic  acid  even  with  the  help  of  heat.  If  an  excess  of  solu- 
tion of  hydrate  OP  POTASH  be  added^  no  prodpitate  is  produced^ 
even  by  heating  the  liquor ;  it  is  only  after  a  certain  lapse  of  time 
that  a  black  deposit  of  reduced  gold  is  formed. 

*  A  solution  of  neutral  persalt  op  iron  added  to  a  solution 
of  succinic  acid  produces,  at  least  after  some  time,  a  voluminous 
precipitate  of  a  cinnamon  colour,  which  is  persnccinate  of  iron, 
but  the  peroiyde  of  iron  is  not  completely  precipitated  by  free 
succinic  add.  If,  however,  the  acid  be  exactly  saturated  with 
ammonia,  the  precipitate  obtained  is  more  considerable,  and  the 
whole  of  the  peroxyde  of  iron  is  predpitated  in  the  state  of 
persucdnate  of  iron,  provided  enough  succinic  add  be  present. 
This  predpitate  is  insoluble  in  water.  When  a  neutral  solution 
of  a  persalt  of  iron  is  mixed  with  that  of  a  succinate,  this 
precipitate  is  produced  iustanter.  This  predpitate  is  soluble  in 
the  free  adds;  an  excess  of  ammonia  renders  it  darker,  less 
▼oluminous,  and  converts  it  into  pure  hydrate  of  peroxyde  of 
iron*. 

*  CoNCENT&ATED  suLFHUAic  Aciji  iu  the  cold  diBsoives  succinic 

'  Dr.  Fiv!^rn'ns  says,  tliat  the  precipitato  of  sntecinate  of  lea<l  is  soluble  in  an 
cxrcss  of  >>uceinic  acid,  of  ftoeUte  of  lead,  ia  nitric  acid,  and  alao,but  not  ao  readily. 

In  acetic  acid. — Ed. 

'  The  succinic  acid  of  the  persuccinatc  of  iron  combiner  with  the  ammonia,  witli 
whidi  it  fonnt  aoediuMbe  of  wnmonia ;  generally,  howwrar,  tfie  precipitato  is  not  • 
pm  lijdnto  of  Irai,  iNit  ft  vmy  iMtfe  tdoeiiwto  of  t^ 
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acid  when  pure,  without  bein^  coloured  thereby.  If  heat  is 
applied  it  turns  browu,  and  then  blacky  but  after  a  prolonged 
ebullition  oidy>  and  Bulphoxous  acid  is  disengaged. 

*  FniciNe  svLFHvaio  acid  likewise  dissolTes  pure  succinic 
acid  in  the  cold  without  being  coloured  thereby ;  after  a  prolonged 
ebullition  it  becomes  brown,  and  then  black,  and  sulphurous 
add  is  disengaged. 

*  Succinic  acid,  even  the  purest^  always  leaves  after  ignitiim 
a  charcoal  whidi  is  less  in  quantity  than  that  resulting  from 
all  the  other  non-volatile  organic  acids  submitted  to  the  same 
treatment,  but  which  is  a  little  more  considerable  than  that 
which  results  from  the  Yolatilisation  of  all  the  other  volatile 
organic  acids. 

*  Succinic  acid  may  easily  be  distinguished  from  all  the  other 
acids  hitherto  treated  of,  by  its  volatility,  and  by  its  behaviour 
towards  a  solution  of  fersalt  or  i&on.  If  mixed  with  foreign 
substances  these  two  diaracters  may  often  appear  less  decisive, 
for  in  such  cases  the  add  frequently  leaves  a  rather  large 
quantity  of  charcoal  when  heated,  and  the  presence  of  foreign 
matter  may  often  prevent  the  precipitation  of  the  peroxyde  of 
iron  by  ammonia.  In  such  cases  it  is  distinguished  from  tar- 
taric, paratartaric,  and  dtric  adds  by  its  behaviour  towards  chm>* 
miDB  or  CALCIUM,  and  limb- water;  from  malic  add,  hy  its 
reaction  with  acetate  of  lead,  and  by  the  properties  of  the 
malateof  lead;  lastly,  from  lactic  acid,  by  its  behaviour  towards 

ACBTATB  or  LBAB  and  NITBATS  OP  SILVBB. 

« 

».  BENZOIC  ACID,  C.^H^O,. 

(.1  ciJc  Bcnzij'iqiu.) 

*  Benzoic  acid  forms  crystalline  spangles,  or^  if  sublimed, 
needles  of  great  briUianiy.  In  the  purest  state  it  is  inodorous. 
When  heated  it  fuses,  and  exhales  fumes  whidi  stron|^y  provoke 

>  BeneffiiM  mcl  Br.  Fmeohw  My  Hurt  jnwv  111001110  add  to  ▼ohtffliwtHw  by 
hMt  witlumt  nridne.  AUtlMneoiiiaiesandeooaipoBed^flCpoaiiretoa  wdbeit, 
except  enodnkto  of  unmoniA ;  tlio  succimlM  of  oUnliM  or  of  alkaline  oartiia  ara 
thereby  ooBYorled  Into  oaibooateo.— £0. 
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coughing ;  if  inflamed  it  burns  with  a  very  bright  fuliginous 
flame.  It  la  wesey  sparingly  aolable  in  cold  water^  but  diuolyeB 
in  rery  large  proportion  in  hot  water*.  The  hot  solution  loses 
CQ  eoolmg  the  greatest  portion  of  its  acid,  which  crystalhses. 
It  is  much  more  soluble  in  alcohol  than  in  water^  wherefore  its 
alcoholic  solution  becomes  turbid  or  milky  when  water  is  added 
thereto.  It  is  largely  soluble  in  oil  of  tupentine,  especiaUy 
with  the  help  of  heat;  hot  thia  sofaitian  Hkewiae  abandona  a 
great  portion  of  the  acid  in  cooling 

*  Benzoic  acid  forms  soluble  salts  with  most  of  the  powerful 
bases,  almost  all  of  which  salts  are  more  soluble  in  water  than 
the  firee  adds ;  wherefore,  when  a  strong  add,  capable  of  combi- 
nation with  the  base  of  the  salt,  is  added  to  the  solution  of  a 
benzoate,  the  greatest  part  of  the  benzoic  acid  is  precipitated 
under  the  form  of  a  white  powder,  which  at  first  renders  the 
liquor  milky.  This  phenomenon  is  quite  a  distinctive  character 
te  benaoates.  "With  the  weak  bases  the  add  forms  salts, 
which  are  sparingly  soluble  or  insoluble  in  water. 

*  A  solution  of  benzoic  acid,  saturated  in  the  cold,  produces 
DO  piedpitate  in  a  solution  of  acstats  or  imad  ;  but  it  pro- 
duces a  predpitate,  thou|^  an  inconsiderable  one,  of  bensoate  of 
lead  when  the  add  is  saturated  with  ammonia.  This  predpitate 
is  not  soluble  in  an  excess  of  ammonia. 

*  A  solution  of  nitrate  or  sii<V£&  produces  no  precipitate  in 
one  of  benaoic  add.  If,  however,  the  add  be  aaturated  with 
ammonia  a  crjrstaUine  precipitate  of  benaoate  of  silFcr  is  fomed, 
wliich  is  yerv  soluble  in  an  excess  of  ammonia. 

*  A  solution  of  ferchloride  of  gold  behaves  towards 
solutions  of  benzoic  acid  as  towards  one  of  succinic  add. 

*  A  solution  of  neutral  PsaaALT  of  ibon  produces  in  solution 
of  benzoic  add  a  Toluminous  predpitate  of  a  brownish-yellow 
colour,  of  perbenzoate  of  iron.  If  the  free  acid  be  exactly  satu- 
rated with  ammonia,  the  whole  of  the  peroxyde  of  iron  is  separated 
in  the  state  of  pure  benaoate,  provided  there  be  a  sufficiency  of 

'  200  iMurCs  of  cold  water  at  GO"  are  required  to  dissolve  1  of  benzoic  add^ — ^Ed. 
'Bcnsoie  add  i«  likmw  aolnble  in  ether  and  in  the  fixed  oils* — iin. 
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benzoic  acid ;  this  precipitate  is  more  bulky  still  than  that  of 
pcrsnccinatc  of  iron.  When  the  neutral  solution  of  benzoate  of 
alkali  and  that  of  a  peraalt  of  iron  are  mixed  together^  the  pre- 
cipitate is  at  onoe  produced.  The  free  acidB  destroy  it  instanter, 
and  dissolve  It  *,  but  the  benioic  add  is  at  the  same  time  depo* 
sited  in  the  form  of  a  white  powder,  an  effect  which  does  not 
take  place  when  the  quantity  of  the  precipitate  is  incousidi  ruble 
and  that  of  the  liquid  in  which  it  is  produced  too  large,  in  which 
case  the  free  benaoic  add  liberated  remains  dissolved.  An 
excess  of  ammonia  converts  the  perbenzoate  of  iron  into  pure 
hydrate  of  peroxydc  of  iron,  imparting  a  deeper  tinge,  and 
rendering  it  at  the  same  time  less  bulky. 

*  CoKCBNTBATiD  svLFHUEic  ACID  docs  uot  tum  browu  by 
being  poured  upon  pure  benioic  add  in  the  coM^  and  if  even 
heat  be  applied  it  does  not  become  dlBooloured,  nor  is  sulphuroua 
acid  evolved. 

Fuming  sulphuric  acid  behaves  in  the  same  manner ;  but 
if  the  benadc  add  is  not  pure,  it  is  rendered  brown  by  concen- 
trated sulphuric  add  even  in  the  c61d» 

*  Pure  benzoic  add  may  be  wholly  volatilised,  and  it  leavea 

only  a  very  trifling  residue  of  charcoal;  but  if  not  pure,  the 
residue  of  charcoal  is  more  considerable. 

*  Benaoic  add  may  be  easily  recognized  by  its  volatility  and 
great  solubility  in  alkalies,  by  its  behaviour  with  peroxyde  of 
iron,  and  especially  by  the  property  of  being  precipitated  by 
acids  from  its  alkaline  solutions,  provided  they  be  not  too 
dilute  *. 

c.  ACETIC  ACID,  C^H.O,. 

(^Acide  Acetiqw.) 

*  AcsTic  ACID  is  a  colourless  liquid ;  when  in  the  concentrated 
state  it  possesses  a  very  pungent  odour.  Combined  with  the 
quantity  of  water,  without  which  it  cannot  exist,  it  cr3r8talli8e8 

at  a  very  low  temperature.  Alcohol  dissolves  it.  It  is  completely 

^  A  ndxtuVB  of  alcohol,  aimuuuia,  and  chloride  of  barium,  producing  no  preci- 
pitate in  Mhitioii  of  frw  benioie  iu;id,  or  of  bensMilM  of  ftUuJies,  affords  also  a 
mwiiw  of  dlrtiiigniiihing  ■ncdiuc  from  benaote  adtt-^Ep. 
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volatilisable.  Its  vapours,  wh^  it  is  concentrated,  upon  being 
set  fire  to,  bum  with  a  blue  flame. 

*  With  most  bases  this  add  fbrms  salts  which  aire  soluble  in 

water,  and  also  in  alcohol;  even  acetate  of  lead  is  soluble  in 
alcohol.    A  few  neutral  acetates  only  are  sparingly  soluble. 

*  A  solution  of  nitrate  of  bilyse  is  not  troubled  by  fee 
aoetic  add;  but  it  is  renderod  torbid  by  saturating  the  free 
acid  with  ammonia,  or  by  emplo\4ng  the  solution  of  a  neutral 
acetate,  in  whicli  case  a  CTTStalline  precipitate  of  acetate  of  silver 
is  formed,  soluble  in  a  large  quantity  of  water  with  the  help  of 
lieat^  but  which  on  .cooling  separates  again  from  the  liquor. 
This  precipitate  is  insoluble  in  an  excess  of  ammonia.  When 
solution  of  neutral  acetates  are  mixed  with  a  solution  of  nitrate  of 
silver^  an  abundant  precipitate  of  acetate  of  silver  is  immediately 
determined^  proyided  these  solutions  be  not  too  dilute. 

*  A  solution  of  subniteats  ov  mbecvet  determines  at 
once  in  acetic  acid  a  crystalline  precipitate  of  subacetate  of 
mercury,  whicli  is  dissolved  by  heating  the  hquor^  but  crystalliaes 
again  when  the  liquor  cools  down.  The  influence  of  heat  reduces 
part  of  the  mercury,  whidi  drcomstanoe  imparts  a  somewhat 
greyish  colour  to  the  predpitate.  Acetic  add,  even  diluted  to  a 
certain  degree,  produces  this  crystalline  precipitate  with  sub- 
nitrate  of  mercury.  When  the  solution  of  a  neutral  acetate  is 
mixed  with  one  of  subnUrate  qf  mercury,  the  formation  of  this 
predpitate  of  subacetate  of  mercury  is  more  complete  stDl. 

*  Acetic  acid  and  the  solutions  of  the  neutral  acetates  do  not 
reduce  gold  from  a  solution  of  pekchloride  op  golo,  even  by 
heating  the  whole.  But  if  an  excess  of  solution  of  ktdbatb  ov 
POTASH  be  added,  a  black  predpitate  of  reduced  gold  is  formed 
after  some  tiiuc. 

*  A  solution  of  a  neutral  persalt  of  iron  produces  no 
perceptible  change  in  aoetic  add;  but  if  the  add  be  saturated 
with  ammonia,  the  liquor  acquires  a  somewhat  intense  blood-red 
colour.  The  same  effect  is  produced  when  a  solution  of  neutral 
acetate  is  mixed  with  the  solution  of  a  neutral  persalt  of  iron. 
The  free  adds,  except  aoetic  add,  destroy  this  blood-red  colour. 
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and  restore  the  yellowish  tinge  of  the  solution  of  the  persalt  of 
iron.  An  excess  of  ammonia  piecipitatea  the  whole  of  the 
Jpercnyde  of  iron  finom  the  eolation. 

*  CovcBNTBAnn  BULPannuo  acid^  espeeialfywitli  the  help  of 
heat,  disengages  the  acetic  acid  frond  the  acetates,  which  may  be 
recognized  by  its  odour :  the  acid  is  not  discoloured  by  heating. 

Fuming  sulphuric  acid  disengages  the  acetic  add  from  the 
acetates^  even  in  the  oold^  with  a  violent  effervesoenoej  and  is 
not  disdolonied  either  by  the  infloenoe  of  heat. 

*  The  acetates  are  decomposed  by  a  red  heat ;  those,  the  base 
of  which  is  an  alkali  or  an  alkaline  earth,  are  converted,  by 
being  rapidly  heated,  into  carbonates  intermixed  with  charcoal. 
The  metallic  acetates  often  abandon  their  metal  in  the  rednoed 
state  mixed  with  diarcoal ;  or  if  the  ozyde  is  of  difficcdt  redaction, 
it  remains  in  the  state  of  oxyde  mixed  with  the  charcoal.  When 
acetates  are  submitted  to  distillation,  the  products  alT;vays 
contain  a  mixture  of  acetic  acid  and  of  acetone  in  various 
proportions;  tiie  acetates  with  a  strong  base  give  very  little  of 
the  firsts  and  mnch  of  the  second;  the  leveme  is  the  case  with 
the  acetates  which  have  a  weak  base. 

*  Free  acetic  acid  may  be  recognized  by  its  odour  and 
volatility.  It  is  detected  in  the  solutions  of  its  salts  by  their 
behaviour  with  pbbsaias  Of  isov,  and  in  the  solid  acetates  by 
their  deportment  with  coircnNTBAran  buuhvbio  Acin\  The 
latter  property  distinguishes  them  more  particiilarly  from  the 
lactates,  which  for  a  long  time  were  looked  upon  as  identical 
with  the  acetates,  although  in  reality  there  is  very  little  analogy, 
if  any  at  all,  betwe^  these  tiro  classes  of  salts*. 

'  Heating  the  acetates  with  a  mixture  of  cqiial  parts  of  sulphuric  acid  and 
alcohol  is  a  better  test  than  with  sulphuric  acid  alone,  because  acetic  ether  ii  thus 
disengaged,  the  odour  of  which  is  much  more  characteristic. — Ed. 

*  Of  all  nou- volatile  organic  acids,  acetic  acid  is  the  only  one  which  has  the  pro- 
perty of  dinolTing  protoxyde  of  lead  in  the  stete  of  »  bMio  Metato  of  lend,  whidi 
•olntiant  wliBD  iIm  iMtosjde  of  lead  is  inexewi^  beeea 

litmae  paper,  and  aleo  on  tenneKia  paper :  tUa  ii  thwefioire  a  chaMetariitia  teat 

Acetates  being  deoompoaed,  as  has  been  said,  by  concentrated  sulphuric  acid,  must 
be  mixed  with  it,  distilled,  and  protoxyde  of  lead  being  digested,  the  jwodtict  of 
distiUation  will^  when  tested  by  litmus  paper,  indicate  whether  aoetio  acid  ia  preoent 
or  not. — £d. 
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ik  FORMIC  ACID,  C,HO,. 

*  FoBMic  add  is  a  ookrarleas  liquid ;  ito  odour  is  pungent^  but 
different  firom  that  of  acetic  acid ;  it  is  wholly  volatile.  When 
comhined  with  only  the  smallest  possible  quantity  of  water,  its 
vapour  bums  with  a  blue  flame. 

*  With  most  baaea  it  fovma  aalta  which  aie  soluble  in  water; 
yet  in  gcnenl  the  fonmatea  are  leaa  solnble  than  the  corre- 
sponding acetates.  A  few  amongst  them  dissolve  in  alcohol, 
but  most  of  them  are  insoluble  in  this  menstruum ;  such  is  the 
case  with  the  formiate  of  baryta,  for  example,  whilst  the  acetate 
of  baiyta  ia  soluble  in  alcohol. 

*  A  aolution  of  acbtatb  of  lead  produces  no  precipitate  in 
one  of  a  formiate,  provided  the  latter  be  not  too  concentrated ; 
tbe  addition  of  ammonia  determines  a  slight  precipitate. 

*  A  solution  of  nitratb  op  biltib  pioduoea  immediately  in 
the  eolation  of  a  formiate  a  white  crystalliQe  precipitate  of 
iormiate  of  silver,  which  soon  assumes  a  dark  tinge,  owing  to  a 
reduction  of  silver.  Even  in  the  cold  this  reduction  is  completely 
effected  in  course  of  time,  and  then  a  portion  of  the  silver  covers 
the  sides  of  the  vessel  with  a  metallic  coating ;  but  this  reduction 
proceeds  move  rapidly  with  the  help  of  heat. 

*  A  solution  of  subnitkatb  ov  mbbottbt  produces  imme- 
diately in  solutions  of  formiates  a  precipitate  of  formiate  of 
mercury,  which  in  the  course  of  a  few  minutes,  in  the  cold, 
becQsnea  grey,  owing  to  a  mixture  of  reduced  mercury;  afler  the 
bipse  of  a  certain  tim^  even  in  the  cold,  the  mercniy  is  £mnd 
Kduced  in  tiie  metallic  state;  heat  much  aooeleratea  this 
reduction. 

*  When  a  solution  of  perchlo&ids  of  gold  is  mixed  with 
that  of  a  formiate»,  the  gold,  even  in  the  odd,  is  reduced,  and 
the  sides  of  the  vessel  become  covered  with  a  bright  yellow 
coating.    If,  however,  an  excess  of  solution  of  htdbatb  ov 

POTASH  be  added  before  the  reduction  of  the  gold  has  begun,  the 
metal  is  separated  under  the  form  of  a  black  precipitate. 
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*  A  solution  of  neutral  persalt  op  ikon  into  wliicli  one  cf 

a  formiate  is  poured,  assumes  a  blood-red  colour  similar  to  that 
which  solution  of  an  acetate  determines.    Free  acids  destrov 

m 

tluB  oolonr.  If  anmoma  be  added^  the  whole  of  the  peroi^e  of 
ixon  is  pfredpitated  firom  the  aohitioii. 

*  Concentrated  sulphuric  acid,  heated  iu  coujunctiou 
with  the  formiates,  gives  rise  to  a  disengagement  of  carbonic 
ojyde  gas,  which>  being  set  fiie  to^  bums  with  a  Une  flame,  but 
in  the  cold  this  reaction  does  not  take  phu)e ;  the  acid  lemaiDS 
oolonrless. 

Fuming  sulphi  rig  acid  reacts  on  the  formiates  in  the  same 
manner,  but  the  evolution  of  the  gas  is  more  violent^  and 
this  effect  is  produced  even  in  the  ookL  It  does  not  turn  brown 
by  heating. 

*  The  formiates  of  fixed  alkalies,  for  example,  of  baryta, 
strontia,  or  lime^  disengage  by  exposure  to  a  red  heat  a  gas 
which  bums  like  carbonic  cnjde,  and  become  converted  into 
carbonates  mixed  with  charcoal*.  Those,  the  base  of  whicb  is 
an  easily  reducible  metallic  oxyde,  for  example,  oxyde  of 
COPPER,  oxyde  of  lead  {oxyde  plotnbique),  arc  converted  into  the 
pure  metal  with  a  disengagement  of  carbonic  add,  and  of  a 
less  quantity  of  combustible  gas. 

*  Formic  add  and  the  formiates  have  much  analogy  with 
acetic  acid  and  the  acetates.  They  may,  however,  be  distin- 
guished from  each  other  in  more  ways  than  one,  and  in  general 
fionnic  add  is  more  easily  detected  than  any  other.  The  points 
of  resemblance  of  formic  add  with  acetic  add  are  its  volatifity 
and  its  behaviour  towards  persalts  of  iron,  but  it  differs  from  it 
by  the  behaviour  of  its  salts  with  concentrated  sulphuric 
ACID,  and  by  the  extreme  facility  with  which  the  formiates  of 
mercuiy  and  of  silver  are  reduced*. 

inflammabto  gM    cutnivBttBd  hjdvogen^ED. 

>If  a  Tormiate  be  heated  with  a  mixttire  of  eqqal  pwto  of  Bulphuric  ether  and 
alcohol,  fonnie  etlur  w  diwugnged,  whieh  bM  »  peeoBar  sad  ebaneleriatie  maD. 
—Ed. 


uiyiii^uo  Ly  Google 


NITB0OBNI8ED  OBOANIC  ACID. 


417 


a  NITROGENISED  ORGANIC  ACID& 

*  Carbon,  oxygen,  hydrop^en,  and  nitrogen,  by  combining 
together,  form  likewise  a  series  of  acids,  few  of  which  only  are 
known,  and  which  are  principally  met  with  in  animal  substances. 
Among  thesi  we  may  name,  for  example,  uric  and  uro*6enzoie 
acid.  Some  of  these  acids  contain  no  hydrogen ;  in  some  others 
the  proportion  of  the  iiitro«;en,  compared  to  that  of  tlie  carbon, 
is  the  same  as  in  cyanogen,  such  as  Julmimc  acid,  cyatUc  and 
cyamaie  adds. 

*  As,  however,  these  acids  and  their  comhinations  are  only 

very  rarely  met  witli  in  analytical  researches,  and  several  of  them 
have  been  as  yet  examined  with  care  by  only  a  few  chemists ; 
we  shall  not  indicate  here  their  properties,  nor  their  behaviour 
towards  re-agents. 
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CHAPTER  11. 

HYDRACIDS. 


1.  MURIATIC  ACID,  CI. +  H. 
{And€  Chiorh}jdnqu€.) 

*  PuRB  muriatic  add  is  a  colourless  gas^  which  cannot  be 
condensed  into  a  liquid,  except  hj  a  strong  pressure^  and  a 
considmble  degree  of  cold.  Muriatic  acid  gas  has  a  suffocating 

acid  odour  and  taste,  forming  dense  fumes  in  the  air;  it  is 
incombustible.  It  is  soluble  in  water  in  extremely  large 
quantity,  and  with  violence.  The  saturated  solution  which 
constitutes  the  liquid  concentrated  muriatic  acid  is  colourless ; 
sometimes  it  lias  a  yellowish  or  yellow  tinge,  which  is  due  to 
the  presence  of  organic  substances,  but  more  frequently  to  that 
of  perchloride  of  iron.  This  solution  emits  fumes  in  the  air, 
but  it  loses  this  property  by  dilntion  with  water.  Muriatic 
acid  has  a  very  strong  and  corrosive  acid  taste ;  ebullition 
deprives  it  of  most  of  its  muriatic  acid  gas^  and  this  iu  propor- 
tion to  its  higher  state  of  concentration.  Very  dilute  muriatic 
add  does  not  lose  its  gas  by  ebullition,  but  on  the  contrary  it 
renders  it  to  a  certain  dc<^ree  more  concentrated;  but  even 
when  this  acid  is  very  dilute,  it  produces  white  fumes  wli en  a  rod 
of  glass  previously  dipped  iu  ammonia  is  held  at  its  surface. 

*  Nitric  acid  decomposes  muriatic  add  by  robbing  it  of  its 
hydrogen ;  this  decomposition,  however,  is  better  effected  with 
the  help  of  heat  than  in  the  cold.  The  mixture  of  muriatic  and 
of  nitric  acid,  ordinarily  called  aqua  regia,  contains  therefore 
free  chlorine  after  having  been  heated,  owing  to  which  aqua 
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regia  has  a  yellow  colour.  It  is  also  the  presence  of  chloriiie 
wbich  imparts  to  aqua  regia  the  property  of  dissolving  gold  and 

platinum,  which  metals  are  not  acted  upon  by  metallic  or  by 
nitric  acid  alone.  Hydrochloric  acid  may  therefore  be  rccoji^nised 
also  by  the  property  it  possesses  of  dissolving  gold  after  addition 
of  nitric  add. 

*  SiTLPHUBic  ACID  docs  uot  decomposc  muriatic  acid,  even  in 

the  conccntmted  state. 

*  If  muriatic  add  be  treated  by  peeoxybe  of  manganese, 
RBD  i*BAD,  or  PUCB  OXTOS  OF  LSAD,  {tuTospyde  plombeux,  or 
naroaeyde  phmb^iue),  gaseous  chlorine  is  disengaged^  especially 
if  heat  be  applied,  which  gas  may  be  recognised  as  such  by  its 
colour,  odour,  and  blcacliing  property  [a  slip  of  moistened  litmus 
paper  held  over  it  is  bleached]. 

*  Muriatic  add  converts  the  metallic  oxydes  into  metallic 
CBLOBiBBS,  which  some  chemists  consider  as  being  muriates 
when  dissolved  in  water.  In  ctfcct,  tlicsc  metals,  the  oxydes  of 
which  act  as  abasc^  always  present,  when  combined  with  chlorine, 
the  same  properties  which  are  characteristic  of  the  combination 
of  their  oxydes  with  oxadds^  as  well  in  the  diy  state,  as  in  that 
of  aqueous  solution.  Wherefi»re  in  the  first  section  of  this 
volume  devoted  to  the  examination  of  tlie  behaviour  of  the 
bases  and  their  salts  towards  re-agents,  we  have  always  spoken 
of  the  metallic  chlorides,  although,  properly  speaking,  we  had  to 
examine  only  the  behaviour  of  the  oxysalts. 

*  The  chlorides  of  the  metals,  the  oxydes  of  which  act  as 
acids,  and  not  as  bases,  arc  the  only  ones  which  possess  other 
properties.  In  the  pure  state  these  form  generally  volatile 
Hqfoids;  sometimes,  however,  they  are  solid  or  gaseous.  They 
are  soluble  in  water,  manifestly  undergoing  decomposition  at 
the  same  time,  and  disengaging  inuch  lieat,  in  which  case 
muriatic  acid  is  always  formed,  and  generally  an  oxyde  of  the 
body  which  was  combined  with  the  chlorine  is  produced,  which 
acts  the  part  of  an  add :  there  are  only  a  few  drcumstances 
in  which  a  portion  of  this  last  body  remains  undissolved.  But 
the  decomposition  of  the  volatile  chlorides,  by  means  of  water, 
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is  never  effected  in  sucli  a  way,  that^  independently  of  the 
muriatie  acid  formed^  chlorine  is  at  the  same  time  set  at  liberty. 
Chloride  of  tellurium,  chloride  of  selenium,  and  chloride  of 
sulphur  are  the  only  ones  which  are  decorii})Ose(l  hy  water  in 
such  a  manner,  that  a  portion  of  the  tellurium,  of  the  seleniumj 
and  of  the  sulphur  is  hberated.  Among  these  combinations  we 
may  name  percfaloride  of  tin^  chloride  of  aluminum,  chloride  of 
glucinium,  chloride  of  titanium,  chloride  of  antimony,  chloride 
of  tungsten,  chloride  of  molybdenum,  protochloride  of  arscnir, 
chloride  and  perchloride  of  tellurium,  chloride  and  perchloride 
of  selenium,  chloride  and  perchloride  of  phosphorus,  chloride  of 
silidum,  chloride  of  boron,  and  chloride  of  sulphur.  Amongst 
these  compounds,  chloride  of  aluminium,  of  «;lucinium,  of  anti- 
mony, perchloride  of  tungsten,  of  molybdenum,  of  tellurium,  of 
arsenic,  of  selenium,  of  phosphorus,  are  solid  at  the  ordinaty 
temperature ;  perchloride  of  boron  alone  is  gaseous,  the  others 
are  liquid  at  the  ordinary  temperature,  and  several  of  them  jire 
extremely  volatile. 

*  Some  of  the  volatile  chlorides  cannot  be  isolated,  but  they 
form  with  the  oxydes  of  the  same  metal  compounds  which  have 
much  resemblance  with  the  pure  chlorides,  especially  as  regards 
their  deportment  with  water.  In  eflect,  their  aciucous  solution 
contains,  like  that  of  the  pm*e  chlorides,  mmiatic  acid,  and  the 
oxyde  of  the  metal  which  dissolves  as  an  acid.  It  is  only  by 
heating  the  vapours  of  these  combinatbns  to  a  temperature 
which  exceeds  that  under  the  influence  of  which  they  are  formed, 
that  the  oxydes  sometimes  separate  after  having  lost  their 
oxygen,  and  ha\'ing  ])een  thereby  converted  into  a  lower  deforce 
of  oxydisement.  Such  is  the  case  with  the  chromate  of  chloride 
of  chromium,  of  the  tungstate  of  chloride  of  tungsten,  of  the 
molybdate  of  chloride  oi  molybdenum;  the  first  is  liquid,  the 
two  others  are  solid. 

*  The  aqueous  solution  of  the  metallic  chlorides  behave  with 
re-agents  nearly  in  the  same  manner  as  free  muriatic  acid. 

*  A  solution  of  nitbatb  of  silybb,  or  of  another  soluble  salt 
of  silver,  produces  in  these  solutions  a  white  precipitate  of 
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chloride  of  silver^  which^  when  in  large  quantities,  has  a  curdy 
appearance,  and  which  by  exposure  to  the  air  becomes  dark- 
purple  at  the  surfiuse.   This  predpitate  is  insoluble  in  dilute 

nitric  acid,  but  is  easily  dissolved  by  ammonia,  and  if  an  acid  be 
poured  in  such  a  solution,  it  ia  reprecipitated.    It  is  dissolved 
with  the  help  of  heat  by  a  pretty  large  quantify  of  very  con- 
centrated muriatic  acid,  but  it  is  completel}  separated  from  the 
acid  by  simply  diluting  it  with  water.    The  soluble  metallic 
chlorides,  like  free  muriatic  acid,  may  be  easily  recognised  by  this 
precipitate ;  and  nitrate  of  silver  is  the  most  important  of  all 
re-agents  to  detect  their  presence ;  for  nearly  all  the  precipitates 
which  the  salts  of  silver  determine  in  the  solution  of  other  salts, 
are  soluble  in  dilute  uitric  acid,  with  the  exception  of  the  bro- 
mate,  bromide,  iodate,  and  iodide  qf  silver,  which,  like  c/daride 
qf  silver,  are  not  soluble  in  this  re-agent.  Chloride  of  silver 
may  be  distinguished  from  bromate  and  iodate  of  silver  by  the 
means  which  have  been  indicated  before'  (page  255),  and  the 
process  for  distinguishing  it  from  bromide  and  iodide  of  silver 
will  be  explained  farther  on.   The  smallest  quantities  of  a  chlo- 
ride in  solution  of  free  muriatic  acid,  may  be  detected  by  means 
of  NITRATE  OF  SILVER  ;  yct  wlicu  the  quantity  is  exceedingly 
minute,  instead  of  a  precipitate,  an  opaline  tinge  only  is  produced 
by  it. 

*  The  only  precipitates  which,  besides  those  produced  by 

nitrate  of  silver,  aj  c  foruied  in  solutions  of  metallic  chlorides,  or 
of  free  muriatic  acid,  are  those  which  owe  their  production  to 
the  acid,  and  not  to  the  basic  element,  such  as  for  example,  the 
precipitates  formed  by  the  solutions  of  subsalts  op  mercury. 
End,  when  the  solutions  of  the  chlorides  are  not  too  dilute,  by 
SOLUTIONS  OF  oxYDE  OF  LEAD;  for,  cxccpt  chloridc  of  silvcr, 
subchloride  of  mercury,  chloride  of  lead,  and  subchloride  of 
copper,  all  the  other  chlorides  are  freely  soluble  in  water.  Yet 
several  metallic  chlorides  form  with  the  oxydes  combinations 

>Cb1ofide  of  aDver  fines  without  deoomporitioii  fttft  tempemtore  below  red-he*!, 
and  fonns  %  tno^exeiit  nuue  after  eooUng^  which  chanwtoir  ^sUngidahea  it  irom 
qrankie  of  mlver.'^Eii. 
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wliicli  are  insoluble  in  water.  These  combinations  are  generally 
soluble  lu  acids,  and  the  presence  of  the  mcttillic  chloride  may 
Bubflequently  be  discovered  in  the  solutioii  by  powing  a  soltitioii 
of  mtrate  qf  diver  therain.  Dilute  nitric  saA  may  likewise  be 
employed  for  diB8ol?ing  the  combination^  but  it  is  neceaeary 
in  such  a  case  to  operate  iu  the  cold. 

*  If  insoluble,  or  sparingly  soluble,  but  non-volatile  metallic 
dilorides  be  mixed  with  carbonate  of  soda  or  of  potaah^  musk 
as,  for  example,  chkride  qf  tUver  or  of  lead,  and  the  whole  be 
strongly  ignited  in  a  small  porcelain  crucible,  a  chluride  ot 
potassium  or  of  sodium  is  formed;  and  if  the  chloride  experi- 
mented upon  be  one  <s£  silver,  metallic  silver  is  obtained  at  the 
same  time  with  disengagement  of  oxygen  and  of  carbonic  acid ; 
and  if  the  chloride  be  one  of  lead,  carbonate  of  lead  is  obtained, 
besides  the  chloride  of  potassium  or  of  sodium.  If  the  ignited 
mass  be  treated  by  water,  the  chloride  of  potassium  or  of  sodium, 
as  well  as  the  excess  of  carbonate  of  alkali,  is  dissolved,  so  that 
if  the  solution  be  supersaturated  by  nitric  acid,  solution  of  mtrate 
uj  silver  will  produce  therein  a  precipitate  of  cliloride  of  silver. 
This  is  a  certain  method  of  detecting  the  presence  of  chlorine  in 
the  insoluble  or  sparingly  soluble  chlorides,  and  of  separating 
it  therefiY>m. 

*  When  concentrated  sulphuric  acid  is  poured  upon  the 
metallic  chlorides  in  the  solid  state,  and  the  mixture  exposed  to 
heat,  most  of  them  disengage  muriatic  add  gas  with  effervescence. 
The  minutest  quantities  of  this  gas  produce  white  clouds  when 
a  glass  rod  moistened  with  liquid  ammonia  is  held  at  the  surface, 
li  the  experiment  be  performed  in  a  tube  of  white  glass  closed 
at  one  end,  it  may  be  perceived  that  the  gas  disengaged  is 
colourless.  There  are  only  a  few  metallic  chlorides  which,  when 
thus  treated  with  sulphuric  acid,  resist  decomposition ;  amongst 
these  we  must  place  subchloricie  of  niercury  (calomel),  protochlo' 
rifle  of  mercury  (sublimate),  and  protochkride  qf  tin,  Proto- 
chloride  of  mercury  (corrosive  sublimate)  dissolves  in  hot  sul- 
phuric acid  without  underp^lng  decomposition,  and  crystallises 
in  the  uudst  of  the  liquor  iis  it  cools.    Subchloridc  of  mercury 
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is  converted  by  hot  sulphuric  acid  into  protochlozide  and  sul- 
phate of  mercitty  (mt^heUe  mereurigue),  with  disengagement  of 
sulphurons  acid.  Protochloride  of  tin  deoxydises  ralphnric  add. 

*  The  concentrated  solutions  of  the  other  acids  which  are 
but  slightly  volatile  or  fixed^  act  in  the  same  way  as  snlphuhc 
acid. 

^  If  the  metalfic  chlorides  be  tritnrated  with  some  chromatb 

or  BICHROMATE  OF  POTASH,  thc  mixtuTC  iiitroduccd  into  a  tubu- 
lated retort^  and  conceutrated,  but  preferably  fuming  sulphuric 
acid  be  poured  upon  itj  and  the  whole  be  exposed  to  a  moderate 
heat^  a  blood-red  coloured  gas,  condensing  into  a  liquor,  dis- 
tils over,  which  is  a  chromatc  of  pcrchlonde  of  chromium ; 
treated  by  an  excess  of  hqidd  ammonia,  a  solution  is  obtained 
which  is  of  a  yellow  colour,  owing  to  the  presence  of  chromate 
of  ammonia  *. 

*  When  the  metallic  chlorides  are  treated  by  peuoxyde  of 

MANGANESE^  RED  LEAD,  Or  PUCE  OXYDE  OF  LEAD,  {SUTOJeyde  Jflom- 

beiup,  or  narowyde  plambique),  and  concsntbated  sulphuric 
ACID  is  poured  upon  the  mixture,  and  heat  is  applied,  chlorine  gas 

disengages,  which  is  recognisable  by  its  characteristic  odour  and 
colour.  If  this  gas  be  abundantly  disengaged,  it  bleaches  moist 
litmus  paper. 

*  Several  metallic  chlorides,  but  not  all,  are  decomposed  * 
when  boiled  for  a  long  time  with  an  excess  of  nitric  acid. 
Chlorine  j^as  is  disengaged  pending  the  operation,  and  if  the  Iree 
acid  be  evaporated,  a  nitrate  is  left  behind. 

*  Most  of  the  combinations  of  chlorine  with  those  metals,  the 
oxydes  of  which  act  like  a  base,  are  not  decomposed  by  being 
cxpui>ed  to  a  red  heat  out  of  thc  contact  of  the  air.    But  a  very 

>  This  18  in  fact  the  test  for  detecting  the  presence  of  a  chloride  in  a  aubstAnco 
which  at  the  same  time  contains  a  hromitUf  for  both  produce  the  blood-red  Ui^uid 
jut  nMBtioiied  ;  Iwft  if  fhifl  Uquid,  being  mixed  with  aohttion  of  Mmnonia,  produeet 
•  jdknraolnlioocf  duroiitttoofaiiniuai%f^^  eoloiirbj 
the  tether  additiim  of  IB  ftcid,  owiag  to  the  finrma^ 

the  presence  of  »  ddoride  is  certain  ;  for  if  a  bromide  only  were  pMoent,  t}i<  ^^  >'l- 
red  liqfoid  above-mentioned  would  be  bromine^  wliidi  oa  oxecoi  of  ■amiUHU*  would 
reoder  ooloiirleoi,  instead  of  jreUow. — £dw 
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great  Tiumb(  r  of  them,  hy  being  ignited  in  the  air,  undergo  fi 
partial  decompositiou  wlucli  is  geuerallj  determined  by  the 
moisture  of  the  air;  in  sndi  a  cate  an  oxyde  is  formed,  and 
muriatic  add  gas  is  disengaged,  and  the  residuum  is  more  or  leas 
insoluble  in  water.  The  ehhride»  of  the  MaUiohk  metals,  and 
likewise  the  chlorides  of  barium  and  strontium,  do  nut  undergo 
this  change.  C/Uoride  qf  lime  is  not  materially  decomposed, 
a  very  small  portion  excepted.  The  chlorides  of  the  alkalisable 
metals  are  more  eaaUy  volatilised  in  part  when  heated  in  the  air 
than  when  heated  in  close  vessels. 

*  Both  the  soluble  and  the  insoluble  metallic  chlorides  may, 
according  to  Berzelius,  be  recognised  before  the  blow-pipe  iu 
the  following  manner : — ^Take  a  small  quantity  of  the  chloride 
and  add  it  to  a  fused  bead  of  oxyde  of  copper  and  microcosmic 
salt,  and  direct  the  flame  of  the  blow-pipe  upon  the  whole,  wlieii 
the  bead  will  be  seen  surrouudcd  by  a  beautiful  blue  flame. 
For  this  experiment  microcosmic  salt  quite  free  from  chloride  of 
sodium,  or  any  other  chloride,  must  be  taken. 

*  Free  muriatic  acid  and  the  soluble  metallic  chlorides  behave 
towards  solution  of  /titrate  of  silver  iu  such  a  peculiar  manner, 
that  they  cannot  be  confounded  with  any  other  substance  of 
which  we  have  hitherto  been  treatuig.   The  insoluble  metallic 

•  chlorides  are  very  easily  recognised  as  such  before  the  blow- 
pipe, or  else  the  chlorine  which  they  cuutiun  may  be  scpai'ated 
by  fusion  with  alkaline  carbonate. 

S.  HYDROBROMIC  ACID,  BrH. 

(Acide  Bnmhydrique.) 

*  lIvoRonROMic  acid  is  a  gas  which  veij  much  resembles 
miuiatic  acid  gas.  Hydrobromic  add  gas  emits  in  the  air  white 
fumes  which  are  denser  than  those  produced  by  muriatic  acid 
gas.   It  is  decomposed  by  chlorine  gas  which  deprives  it  of  its 

hydrogen,  and  sets  tlic  bromine  at  liberty,  which  then  appears 
under  the  form  of  reddish  vapours,  or  if  in  more  considerable 
proportions,  it  condenses  into  drops  of  a  similar  colour.  Uydro- 
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broinic  acid  g^ns  is  extremely  soluble  in  water ;  the  solution  is 
colourless^  aud,  both  iu  the  concentrated  or  iu  the  dilute  state, 
it  Tery  much  resembles  concentrated  or  dilute  muriatic  acid. 
Wlien,  however,  hydrobromic  add  gas  contains  any  firee  bromine, 
the  liquid  acid  has  a  dark  reddish  colour. 

*  The  couccutrated  solution  of  hydrobromic  acid  gas  in  water 
parts  with  some  of  its  gas  when  subjected  to  boiling;,  an  effect 
which  does  not  take  place  with  the  dilute  solutions.  Bromhy- 
dric  acid  which  is  saturated  with  free  bromine,  loses  it,  and  at 
the  same  time  a  portiou  of  hydrobromic  acid  gas,  by  boiiiug; 
there  remains  a  dilute  acid  which  is  colourless 

*  An  aqueous  solution  of  chlobinKj  or  a  current  of  chlorine 
gas,  imparts  a  red  colour  to  liquid  hydrobromic  add,  because 
bromine  is  thereby  liberated. 

*  Nitric  acid  does  uot  react  promptly  upon  hydrobromic  acid, 
but  by  heating  the  mixture,  bromine  is  immediately  set  free, 
and  a  liquid  is  thus  obtained  similar  to  aqua  regia  \ 

*  S1JI.PHURIC  ACID  may  also,  by  reacting  with  the  help  of 
heat  upon  concentrated  hydrobrcNnicadd,  rob  it  of  its  hydrogen, 
in  whicli  case  there  is  a  disengagement  of  sulphurous  acid 
produced. 

*  PSROZTDB  or  MANOAMBBB,  and  alsO  RBD  LBAD  (PbO  +  FbO,) 

and  PvcB  oztpb  op  lbad,  produce  a  disengagement  of  gaseous 

bromine  and  hydrobromic  acid,  when  heated  iu  contact  with 
this  acid. 

*  Hydrobromic  add  forms  with  the  metallic  oigrdes,  metallic 
bromides,  which  in  many  respects  resemble  the  metalUc  chlo- 
rides.  The  combinations  of  bromine  with  the  metals  the  oxydes 

of  which  act  as  a  powerful  acid,  are  volatile,  but  always  less  than 
the  corresponding  chlorides,  which  they  resemble  in  respect  to 
their  bdiariour  towards  water. 

*  Hydrobromic  acid  can  dissolve  so  large  a  proportion  of  bromine  tlrnt  the  solu- 
tion becomes  as  deep  in  colour  as  bromine  itself,  and  is  precipitated  from  this 
solution,  according'  to  M.  Bineau,  by  water.  When  water  ceases  to  produce  a 
precipiuite,  the  acid  which  rcmaiija  is  yellowish,  and  is  combined  with  tliree 
e<^uivaleut8  of  bromuie. — Ed. 

s  <x]|||4  ja  to  ny,  tint  it  diMolves  gold  Mid  plitinam.— Ed. 
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*  The  solutions  of  the  metallic  bromides  which  are  soluhle 
in  water  are  recognised  when  tested  by  the  same  properties 
which  characterise  free  hydrobromic  add. 

*  A  solation  of  nitbatb  of  bilybii  produces  in  these  sohitions 
a  white  precipitate  of  bromide  of  silver '  inaolable  in  dilute 
nitric  acid,  but  soluble  in  ammonia,  though  less  so  than 
chloride  of  silver,  from  which  it  ia  distinguished  by  a  pale 
yellowish  tinge^  which  disappears  when  muriatic  acid  is  ponred 
upon  it.  If  a  little  chloride  ov  limb  be  added,  the  liquor 
assumes  a  yellowish  or  reddish  colour,  according  to  the  quantity 
of  the  bromide  of  silver  produced.  This  colour  is  due  to  a 
liberation  of  bromine. 

*  A  solution  of  8UBNITRATB  OF  MBBCURT  pioduoes  in  solntiona 
of  metallic  bromides  and  hydrobromie  acid,  a  white  precipitate 
with  a  tinge  of  yellow,  which  is  subbromide  of  mercury. 

*  The  solutions  of  oxyue  of  lead  produce  a  white  precipi- 
tate of  bromide  of  lead  insoluble  even  in  a  large  quantity  of 
water,  a  property  by  which  it  is  distinguished  from  chloride 
of  lead  *. 

When  NITRIC  acid  is  poured  in  solutions  of  metallic  bromides 
and  the  whole  is  then  heated,  vapours  of  a  reddish-yellow 
colour  are  disengaged,  which  are  due  to  gaseous  bromine.  If 

the  solution  of  the  metallic  bromide  was  colourless  it  acquires 
thereby  a  reddish-yellow,  or  when  dilute,  a  yellow  tinge.  "WTien 
the  mixture  is  not  subjected  to  heat,  the  solution  of  the  metallic 

*  Thin  precipitate  of  bromide  of  silver  is  white  at  first,  but  soon  becomes  dirty 
white  or  yellowish,  insoluble  in  dilute*  nitric  noid,  biit  coiu't-ntnitod  nitric  arid  «*an 
dissolve  :i  small  portion  of  it,  wliieh,  liowevtr,  ia  npreci  pi  tilled  by  addition  of  water. 
It  in  much  mure  readii^*  acted  upou  by  hght  tiiau  chloride  of  silver,  and  exposure  to 
itrendenitftfanoitiiiiiiMdiatoly  of  a  vi^^  It  b  vexy  liitibley  and 
the  IVued  nwas  after  cooling  ia  of  u  interne  and  pare  yellwir  coloar«— En. 

*  Thoofl^  difBonltfy  Mlnlile  in  ivattf,  bromide  of  bad  is  not  altogetber  ineolnble 
therein,  and  on  the  other  hand,  the  rBader  dboold  recollect  that  tiie  solubility  of 
chloride  of  lead  is  diminished  by  the  pres^ce  of  other  aaUi^  especially  that  of 
chlori<le  of  calcium,  or  even  of  muriatic  acid,  which  in  fact  produce  a  itrecipitate  in 
the  coiicriitnitcd  solution  of  chloride  of  lefid.  Both  the  rhlfjri'l<  and  the  broniirfe 
of  kad  are  easdy  lusible,  but  the  chloruk  o/  Uivl  after  cooling  tbmis  a  colourless  or 
greyiah*white,  tranalacid,  horn-like  ma««  ( j>/um6uju  comcum),  whilst  bromide  of  had 
fnaee  hito  a  red  Utiuid,  which,  on  cooiinK,  aaenmea  a  fine  yeOow  coloiir.>>BD. 
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bromide  undergoes  no  sensible  change  by  treatment  with 
uitrie  acid  \ 

*  If  MUBiATic  ACID  bo  added  to  the  solution  of  a  metalUe 
bromide,  it  (the  bromide)  becomes  converted  into  a  chloride 
with  formation  of  hjdrobromic  acid^  but  the  liquor  remains 
colourless.  If,  however,  the  metallic  bromide  contains  a  small 
quantity  of  a  bromate,  as  may  ooenr  when  the  ejqfieriment  is 
performed  upon  the  bromide  of  an  alkalisable  metal  prepared 
by  cuusiug  the  alkali  to  react  upon  bromine,  the  liquor  becomes 
yellow  or  brown  fiN>m  a  liberation  of  bromine. 

^When  CHLORINX  oas  is  passed  through  the  colourless 
solution  of  a  metallic  bromide,  this  solution  assumes  a  reddish- 
yellow,  or  yellow  colour,  on  account  of  the  bromine  which  is 
set  tee.  Chloridk  ov  limb  produces  the  same  effect  when 
added  to  the  solution  of  a  metallic  bromide,  previously  rendered 
acid,  for  which  purpose  any  acid  may  be  employed. 

*  Chlokine  is  the  most  deUcate  test  to  discover  the  slightest 
traces  of  metallic  bromide  or  of  hydrobromic  add,  in  solution 
or  in  a  mixture  of  salts.  In  order,  however,  to  be  enabled  to 
detect  very  minute  traces  of  metallic  bromide  by  means  of  this 
rc-ag:ent,  it  is  necessary  first  to  remove  the  bromine  which  is 
set  free,  by  means  of  ether ;  the  process  is  as  follows : — ^The 
liquid  or  concentrated  solution  of  the  saline  mixture  is  intro- 
duced  into  a  vessel  of  white  glass,  susceptible  of  being  well 
corked  up,  and  ether  is  poured  upon  it  in  sullicient  quantity 
to  form,  after  briskly  shaking  the  whole,  a  layer  of  about  an 
eighth  of  an  inch  thick  above  the  liquid;  aqueous  solution  of 
chlorine  gas  is  then  to  be  carefyOiy  added,  a  few  drops  of  wbidi 
arc  sufficieut,  if  there  be  only  a  small  quantity  of  bromine,  and 
the  flask  is  to  be  corked  up  and  shaken.  When  the  ether 
has  separated  it  will  be  found  to  have  a  brown  tint,  owing 
to  the  bromine  it  will  have  taken  up,  or  if  only  a  small  quantity 
of  bromine  be  present,  the  ether  has  a  yellowish  colour.  If 
no  bromine   be   present  the  etlier  remains  colourless.  By 

^  Accordiug  to  Dr.  l^ivbcuiuii,  bi*uiiuiiG  uf  aiiver  aud  pcrbroiuidu  of  mercury  uro 
not  dieonqpoted  fay  nitric  Acid. — Ed. 
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prolonged  contact  the  solution  of  bromine  in  tbe  ether  is  con- 
verted iuto  hydrobromic  acid,  and  the  etlier  becomes  colourless, 
but  a  small  quantity  of  aqueous  solutiou  of  chloriue  is  sufficient 
to  restore  the  colour.  When,  in  this  experiment,  the  ether 
appears  so  slightly  coloured  as  to  render  the  presence  of  bro- 
mine doubtful,  it  is  adnsable  to  submit  the  liquid  under 
examniatiou  to  a  counter-experiment  by  means  of  a  saline 
solution,  which,  it  has  been  ascertained,  contains  no  metallic 
bromide ;  it  is  to  be  treated  in  the  same  manner  with  the  same 
quantity  of  chlorine  and  of  ether,  and  it  may  be  seen  by 
comparison  whether  the  former  is  quite  colourless.  If, 
instead  of  adding  aqueous  solution  of  chlorine  to  the  liquor 
under  trial,  a  current  of  chlorine  gas  is  passed  through  it,  a 
sufficient  quantity  of  the  latter  gas  may  be  dissolyed,  so  as  to 
impart  a  yellowish  colour  to  the  ether,  and  thus  simulate  the 
presence  of  bromine. 

*  It  should,  however,  be  remarked  here,  that  when  no  sensible 
quantity  of  bromine  is  found  in  a  saline  mixture  tested  as 
above,  the  mixture  should  be  digested  in  alcohol,  and  the 
ak'uliul  Ijcing  subsequently  evaporated  the  dry  residuum  must 
be  dissolved  in  water,  and  this  aqueous  solution  must  be 
treated,  as  has  been  just  said,  by  chlorine-water  and  ether. 

*Jf  tL  SOLUTION  OP  STAECH  bc  poured  in  the  colourless 
solutions  of  metallic  bromides,  to  which  nitric  acid  has  been 
added,  the  liquor  becomes  brownish,  but  the  production  of  this 
colour  is  not  very  eharaetehstic;  starch  is  employed  to  dis- 
tinguish metallic  bromides  from  metallic  iodides^  and  not  for  the 
purpose  of  identifying  the  first  of  these  compounds  in  solutions. 

*  Bromide  of  silver,  bromide  of  lead,  and  other  non-volatile 
bromides  being  mixed  and  fused  with  a  carbonate  of  alkali 
are  decomposed  like  the  corresponding  chlorides,  and  a  bromide 
of  alkalisable  metal  is  produced 

'  The  volfttilijiable  bromides  aiv  tho  following  :— Bromides  of  cadmium,  of  zinc,  of 
anseuic,  of  antimony,  protobroiuiaL  of  copper,  of  nickel,  of  iron,  and  of  bismuth. 
The  following  are  boluble  iu  water  :— Bromides  of  lead,  of  silver,  protobromides  of 
copper,  of  meNmy.  TIlOW  of  ailtiinony  and  of  bismuth  are  decomposed  by  water 
iDto  a  iNMie  bromide  whicb  la  depoaitod,  whUrt  hydmliroiiiie  add  temaiiu  in  wlattoa, 
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*  When  the  metallic  bromides  in  the  solid  state  are  put  in 
a  tnhe  of  white  glass  closed  at  one  end,  and,  concentrated 

suLPuumc  ACID  being  poured  thereon,  heat  is  applied,  gaseous 
bromine  is  disengaged,  which  fills  up  the  colder  portion  of  the 
tube,  and  which  may  be  easily  recognised  in  daylight  by  its 
ruddy  colour,  similar  to  that  of  nitrous  acid.  This  colour 
cannot  be  well  seen  by  artificial  light.  Sulphurous  acid  and 
hydrobromic  acid  are  formed  at  the  same  time.  A  few  metallic 
bromides,  for  instance,  protobromide  of  mercury,  are  not  decom- 
posed by  sttfykurie  ocmT.  Instead  of  sulphuric  acid,  bisulph  ate 
OF  POTASH  may  be  employed  and  fused  with  the  metallic  bromide 
in  a  small  glass  tube  closed  at  one  end ;  besides  sulphurous  and 
hydrobromic  add,  bromine  vapours  are  erolved,  which  may  be 
easily  recognised  by  their  colour. 

*  When  metallic  bromides  are  triturated  with  chromate  or 
BicuROMATE  OF  POTASH,  and  the  wliole  is  introduced  into  a 
tubulated  retort,  concentrated  sulphuric  acid,  or  preferably, 
fuming  sulphuric  acid,  is  poured  upon  it,  and  the  whole  mode- 
rately heated,  a  liquor  of  a  blood-red  colour  distils  over,  which 
resembles  that  produced  by  the  metallic  chlorides  when  subjected 
to  the  same  treatment,  ])ut  which  liquor,  in  the  present  case,  is 
pure  bromine,  and  which  by  an  addition  of  excess  of  ammonia 
forms  a  colourless  solution,  which  contains  only  hydrobromate 
of  ammonia.  If,  however,  the  metallic  bromide  employed  con- 
tained a  small  portion  of  metallic  chloride,  the  ammonia  has 
then  a  slightly  yellowish  tinge,  which  is  dpe  to  some  chromate 
of  ammonia.  This  is  the  only  method  by  which  a  mixture  of 
a  metjiUic  cldoride  with  a  metallic  bromide  can  be  accurately 
detected 

tojjolher  with  a  f=mf»ll  portion  of  bromiilc.  [Jromide  of  ai^scnic  i??  decoinpnaed 
by  a  large  quantity  of  water  into  nrHcuious  acid  which  is  deposittHi,  and  hydro- 
bromic add  wiiidli  venuHiis  in  solution.  Protobromide  of  oadmium,  of  anc,  of 
nidula  off  ooibilt,  are  aolnble  in  aleoliol,  ether,  eoneentnited  muMe  add  end 
Mnmonift.— Ed. 

1  Berzclius  njt,  tliftt  protobromide  of  mereuiy  (Jtrmmrt  aumirigiie)  is  deeomp 
posed  both  by  ni^c  and  gulphuric  acids.    The  same  antiiori^  alAtee,  that  bromide 

of  copper  18  not  acted  upon  hy  sulplmrie  Mnd.— £d. 

*  See  the  note,  page  42a. — £o. 
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*  The  Tnetallic  bromides  seem  to  behave  uiider  the  influence 
of  heat  like  the  metallic  chlorides. 

*  Before  the  blow-pipb  a  metallic  bromide  mixed  with  a 
globule  of  microootmie  salt  holdiiig  oxyde  of  copper  in  tolution 
imparts  a  blue  colour  to  the  flame,  exactly  as  is  the  case  with 
the  metallic  chlorides  under  similar  treatment,  though  the 
flame  produced  by  tbe  bromides  has  a  more  greenish  tinge. 

*  Solutions  of  bydrobromic  add^  and  the  metallic  bromides, 
are  recognised  by  the  precipitates  produced  therein  by  solutions 
of  NITRATE  OF  SILVER  and  of  suBNiTRATE  OP  M  i:u(  ruv.  BroHiidc 
of  jilver  diflfers  from  all  the  precipitates  produced  by  nitrate  of 
miver  in  the  solutions  of  the  substances  hitherto  treated  o^  by  its 
insolubility  in  dOute  nUrie  add;  though  in  this  respect  ekkride, 
bromate,  and  iodate  of  ffilvrr  arc  exceptions.  The  mcthwl  of 
distinguishing  chloride  from  bromide  has  been  indicated  above 
(page  426).  Bromide  Hlver  differs  from  bromate  and  from 
iodate  qf  Hker  by  its  yellow  tinge,  and  because  these  being 
exposed  to  a  red  heat  yield  oxygen  gas,  which  property  is 
conmion  to  the  bromates  and  iodates  in  general.  The  presence 
of  bromine  can  be  detected  in  the  bromides  which  are  insoluble 
in  water  by  following  the  process  which  has  been  indicated  in 
reference  to  the  bromide  of  sUver  (page  127).  The  bromine 
which  they  contain  may  likewise  be  separated  by  fusing  them 
with  carbonate  of  potash. 

3.  HYDRIODIC  ACID,  IH. 

(Aeidt  Jodhftdritpif.) 

*  PuKB  hydhodic  acid  is  gaseous.  Hydriodic  acid  gas 
resembles  muriatic  and  hydrobromic  add  gases;  but  it  is  more 
easily  decomposed  than  these  by  the  substances  which  have 
an  affinity  for  hydrogen.  It  is  more  easily  decomposed  than 
the  two  latter  gases  when  treated  by  certain  metals,  wliicli 
combine  with  the  iodine  and  disengaged  hydrogen  gas,  as 
mercury,  for  instance. 

*  Hydriodic  add  gas  is  extremely  soluble  in  water.  The 
solution  is  colourless,  and  resembles  that  of  muriatic  and  hydro- 
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Inomic  adds.  Wlieii  boiled,  it  disengages  hydriodic  acid,  and 
becomes  weaker.  By  expotaie  to  the  air  it  aammea  a  yellow, 
then  gradually  adark-brown  oolour;  the  hydrogen  being  osydifled 
by  the  air,  the  iodine  which  is  thus  liberated  is  dissolved  by  the 
portions  of  acid  which  have  not  as  yet  suffered  decomposition. 

*  Cblobine,  nitric  acid,  sulphuric  acid,  and  the  mstallic 
rBBOZYDss  alter  liquid  hydriodic  add  in  a  siniilar  manner  aa 
the  solutions  of  metallic  iodides,  of  which  we  shall  soon  have  to 
speak. 

*  Hydriodic  acid  forms  metallic  iooides  with  the  cor- 
responding metallic  ozydes.  These  compounds  resemble  in 
many  respects  the  metalHo  chlorides  and  bromides;  yet  most 
of  the  metallic  iodides  difTer  from  them  by  their  insolubihty  in 
water.  It  is  only  the  iodides  of  alkalies,  of  earths,  and  a  few 
others,  which  are  soluble  in  water'.  The  metallic  iodides 
which  are  insoluble  in  water  have  often  a  characteristic  colour, 
wherefore  the  solution  of  iobidb  of  fOTASsim  is  employed 
as  a  re-agent  to  detect  certain  metallic  oxydes  in  solution, 
wherefore  the  behaviour  of  solutions  of  iodide  of  potassium 
towards  these  os^des  has  been  mentioned.  The  solution  of 
socCufe  qfpotairium  is  not,  howerer,  a  re-agent  to  be  trusted  in 
all  cases^  because  the  precipitates  which  it  determines  are  more 
or  loss  soluble  in  the  liquor  in  which  they  arc  produced.  The 
combinations  of  iodine  with  the  metals  the  oxydea  of  which 
form  powerful  adds,  are  yolatile,  but  much  less  so  than  the 
corresponding  combinations  of  bromine  and  of  chlorine. 

*  A  solution  of  nitrate  ow  silteb  produces  in  the  solution 
of  metallic  iodides,  a  white  precipitate  of  iodide  of  silver,  which 
has  a  yellowish  tinge.  By  this  predpitate  the  solution  of 
metallic  iodides  and  hydriodic  add  may  be  recognised,  because, 
like  chloride,  bromide,  and  bromate  of  silver,  it  is  insoluble  in 
dilute  nitric  acid,  but  it  differs  from  these  three  compounds, 
because  it  is  almost  insoluble  in  free  ammonia.    When  the 

'  The  iodides  of  zinc  and  of  iron  are  soluble  in  water;  the  first  forms  a  colourless, 
the  <tecond  a  irrecn  soltttion.  Iodide  of  oobtklt  diaaolvesiii  water,  with  which  it  fonus 
a  red  solution. — £d. 
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solution  of  a  metallic  iodide  contains,  at  the  same  time,  a 
metallic  chloride,  the  presence  of  the  iodide  may  be  very  easily 
recognised,  because  the  precipitate  produced  by  tiie  solutioii  of 
mirate  ofsihfer  is  almost  insoluble  in  ammonia,  though  in  snch 
a  case  the  operator  runs  tlic  risk  of  overlooking  tlie  presence  of 
the  metallic  chloride.  The  best  thing  to  be  done  then  is  to  add 
an  excess  of  ammonia  to  the  liquor  in  which  the  solution  of 
nitrate  ofHher  has  produced  a  precipitate,  and  then  to  super- 
saturate with  dilute  nitric  acid  the  liquor  which  will  have  been 
filtered  from  the  prcci])itate  of  iodide  of  silver  produced.  If  an 
abundant  precipitate  is  thereby  produced  in  tlie  filtered  liquid, 
it  is  a  proof  that  the  solution  of  the  metallic  iodide  contained 
at  the  same  time  a  metallic  chloride;  if,  on  the  contrary,  a 
ver}'  feeble  precipitate  is  produced,  or  rather  if  the  liquor  only 
bccomes  slightly  opaline,  one  may  conclude  therefrom  that  the 
liquor  eitlier  contained  no  metallic  chloride,  or  at  any  rate 
a  yery  small  quantity  only.  When  a  metallic  iodide  contains 
a  metallic  bromide,  the  presence  of  the  latter  may  he  recognised 
in  the  same  way. 

*  The  method  of  distinguishing  the  solutions  of  metallic 
iodides  by  means  of  solutions  of  salts  of  lead  or  of  mercury,  or 
of  other  metallic  oxydes,  has  been  already  indicated  (pages  99 — 
139,  and  elsewhere). 

*  If  moderately  strong  nitric  acid  be  added  to  the  solutions 
of  the  metallic  iodides  and  of  hydriodic  acid,  they  become  yellow, 
and  if  the  mixture  he  heated,  it  assumes  a  reddish-brown  colour ; 
violet  fumes  of  iodine  are  evolved,  and,  after  cooling,  iodine  is 
found  deposited  under  the  form  of  black,  shining  spangles. 

*  When  MURIATIC  acid  is  poured  in  the  solution  of  a  metallic 
iodide,  it  becomes  converted  into  a  metallic  chloride  with 
formation  of  hydriodic  acid;  but  the  liquor  at  first  remains 
colourless.  If,  however,  the  metallic  iodide  contains  a  little 
iudate,  which  may  happen  when  tlie  iodide  is  one  of  an  alkalisable 
metal,  produced  by  causing  iodine  acid  to  react  upon  alkali, 
an  abundant  precipitate  of  iodine  is  formed  in  the  liquor,  which 
after  a  short  time  is  deposited. 
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*  When  aqueous  solution  of  chlorine  is  poured  ia  solutions 
of  metallic  iodides,  or  in  hjdiiodic  acid^  they  become  immediatelj 
of  a  leddish-bTown  colour,  and  a  larger  addilion  of  aqueous 
chlorine  renders  them  limi)id  again  as  before.  The  same  eflfect 
takes  place  when  chloride  of  lime  or  a  little  dilate  muriatic 
acid  ia  added  to  the  solution  of  a  metallic  iodide. 

^  When  a  sohition  of  stabcr  in  boiling  water  is  added  to  the 
solution  of  a  metallic  iodide,  or  to  hydriodic  acid,  no  change  is 
obsen  ed,  but  if  a  little  nitric  acid  be  subsequently  added  to  the 
liquor  it  assumes  a  fine  blue  colour.  This  colour  is  bo  intense, 
that  it  appears  black  if  the  quantity,  of  iodine  be  considerable. 
Free  iodine  is  the  only  substance  wbieh  can  produce  tbis  blue 
colour  with  starch,  and  when  combined  ^\  ith  hydrogen  or  with 
metals  it  cannot  produce  it ;  wherefore  the  blue  colour  is  deter- 
mined by  starch  in  hydriodic  acid  or  in  solutions  metallic 
iodides  only  by  the  addition  of  anotber  substance  by  which 
iodine  may  be  lil)erated,  as,  for  example,  by  nifrlc  acid.  Aqueous 
solution  of  chlorine  produces  also  this  characteristic  blue  colour 
in  these  solutions^  but  an  excess  of  this  re-agent  causes  it  to 
disappear*.  If  much  arBenunu  acid  be  present,  the  blue  colour 
is  not  produced  in  the  preceding  cases,  but  its  appearance  may 
be  determined  by  pouring  in  the  liquor  a  few  di*ops  of  somewhat 
dilute  nitric  add.  If  in  the  solution  of  a  metallic  iodide  a 
auflScient  proportion  of  'protochloride  of  mercury  {corroawe 
mihUmate)  is  poured  to  cause  the  precipitate  of  iodide  of  mercury 
produced  to  re-di>soh  e  in  the  excess  of  protochloride  of  mercury, 
no  blue  colour  is  determined  when  su]}sequently  nitric  acid  and 
a  solution  of  starch  is  poured  in  the  liquor,  nor  can  it,  in  such 
circumstances,  be  produced  by  the  addition  of  sulphuric  acid. 
When  a  liquor  contains  a  small  quantity  of  liydriodie  acid  or  of 
metallic  iodide,  and  at  the  same  time  much  muriatic  acid  or 
metallic  chloride,  the  addition  of  solution  of  starch  and  of  nitric 
acid  determines  tiie  blue  colour  in  the  cold,  but  this  colour 
disappears  by  heating  the  liquor.    The  blue  colour  of  the 

1  Thb  is  owing  to  ttw  exeeis  of  dikrine  eombiiiiiig  with  the  iodino  and  foaming 
ft  ootonriMi  ddoride    wdtM.— Eo. 
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combination  of  iodine  and  ttareh  which  has  been  produced,  is 
destroyed  by  the  solutions  of  alkalies,  by  sulphurous  acid, 
phosphorous  acid  and  sulphuretted  hydrogen,  but  may  be 
restored  by  nitric  add.  When  an  excess  of  aqneoas  solution  of 
cA/orme  has  been  poured  in  a  solution  of  iodic  acid  or  of  a 
metallic  iodide,  or  in  hydnuJic  acid,  the  solution  of  starch 
determines  the  production  of  the  blue  colour  in  the  mixture  only 
after  the  addition  of  a  little protochhride  qfin^mUpkimmM  add, 
su^kureited  hydrogen,  or  other  reducing  bodies.  By  strict 
attention  to  the  above  precepts,  the  solution  of  itareh  may  be 
the  means  of  detecting  the  minutest  traces  of  hydriodic  acid,  or 
of  metallic  iodides  in  solutions.  A  small  quantity  of  starch  does 
not  produce  a  blue  colour  but  one  of  a  deep  green  bue  in  a 
solution  which  contains  a  large  proportion  of  iodine,  or  after 
addition  of  nitric  acid  iu  a  saturated  solution  of  hydriodic  acid 
or  of  a  metallic  iodide. 

*  If,  by-  following  the  above  process,  no  sensible  trace  of 
iodine  has  been  detected  in  a  saline  mixture,  this  mixture  should 
be  digested  in  alcohol,  and  after  evaporating  the  alcohol,  the  dry 
residuum  should  be  dissolved  in  a  little  water,  and  this  solution 
tested  for  iodine  by  the  pmccss  above  alluded  to, 

*  When  iodide  qf  nher,  iodide  qf  lead,  or  other  non-volatilisable 
metallic  iodides  are  mixed  and  fused  with  a  carbonate  of  alkali, 
they  arc  decomposed,  as  is  the  case  with  the  corresponding 
metallic  chlorides,  and  an  iodide  of  alkalisable  metal  is  formed. 

When  after  having  introduced  metallic  iodides  in  the  solid 
state  into  a  tube  of  white  glass,  closed  at  one  end,  concen- 
trated sxTLPRURtc  ACID  IB  poured  upon  them,  and  the  whole  is 
heated,  gaseous  iodine  is  evolved,  whicli  fills  up  tlie  colder 
portion  of  the  tube,  and  which  is  easy  to  detect  by  its  charac- 
teristic violet  colour.  At  the  same  time,  sulphurous  acid  and 
even  sulphuretted  hydrogen  gas  are  tomed,  but  no  hydriodic 
acid.  Even  those  metallic  iodides  whose  oorresponding  chlo- 
rides and  bromides  cannot  be  decomposed  by  concentrated 
sulphuric  acid,  for  example,  protoiodide  of  mercury  {iodure 
merewigue),  are  decomposed  by  this  process.   If  the  metallic 
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iodide  be  mingled  with  pkeoxyoe  of  hanoanese,  red  lead, 
or  with  PBROZTDE  OF  LEAD,  upoii  heating  the  mixture  with 
sulphuric  add,  gaseous  iodine  only  is  evolved^  bat  no  sulphnrons 
acid.  Sulphuric  acid  likewise  determines  a  siuiilar  decompo- 
sition in  the  concentrated  solution  of  metallic  iodides  and  of 
hjdriodic  acid.  The  iodine  which  is  thus  liberated  imparts 
then  to  that  liquor  a  yellow  colour  in  the  cold^  and  a  reddish- 
brown  colour  when  heated :  this  phenomenon  is  less  apparent 

in  vorv  dilute  sohitions. 

*  BisuLfUATE  OF  POTASH  may  be  substituted  for  sidphuric 
add  by  proceeding  as  for  the  detection  of  a  metallic  bromide 
(page  429).  During  the  fusion,  fumes  of  iodine  are  evolyed, 
which  are  easily  recognisable  as  such  by  their  colour. 

*  When  metallic  chlorides  arc  treated  by  ciiromate  or 
BICHEOMATE  OF  POTASH  and  suLPHUEic  ACID,  iodlne  only  is 
disengaged.  In  treating  in  the  same  way  a  mixture  of  iodide 
and  chloride  of  metals,  no  chromate  of  chloride  of  chromium  is 
obtained  (page  428) ;  but  at  first,  gaseous  chlorine  is  disen- 
f^aged,  followed  some  time  afterwards  by  fumes  of  iodine,  but 
no  chloride  of  iodine  is  even  formed.  It  is  only  when  the 
metallic  chloride  predominates  much  that  the  formation  of 
chromate  of  chloride  of  chromium  is  determined. 

*  The  combinations  of  iodine  with  the  metals  of  alkalies  are 
not  decomposed  by  being  heated  in  the  air ;  by  a  very  strong 
heat  tbcy  are  volatilised,  and  as  is  the  case  with  the  corre- 
sponding chlorides^  their  volatilisation  is  more  easily  eflEected 
with,  than  out  of  the  contact  of  the  air.  Most  of  the  other 
metallic  iodides  under^'o  partial  decomposition  by  exposure  to  a 
red  heat  in  the  air.  Ordinarily,  in  such  cases^  purple  fumes  of 
iodine  are  evolYed,  and  an  oxyde  remains. 

*  Before  the  blow-pipb,  metallic  iodides  upon  being  heated 
with  a  bead  of  microcosmic  salt  holding  protoxyde  of  copper 
in  solution,  impart  to  the  flarac  a  fine  emerald -green  colour. 

*  When  iodine  is  combined  with  a  metal  and  the  combination 
is  soluble  in  water,  the  best  means  of  detecting  iodine  is  to 
resort  to  nitric  acid  and  the  solution  of  starch.   Iodine  may 
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thus  be  detected  iu  all  kinds  of  solutions,  eveu  when  the  liquor 
oontainB  several  otliar  nibst&nces,  though  the  operator  miut 
bear  in  mind  that  their  presence  may  form  an  obstacle  to  the 

manifestation  of  tlic  1)1  uc  colour.  When,  on  the  contrary,  the 
combination  in  which  iodine  is  sought  for  is  insoluble  in  water 
and  in  dilute  nitric  add,  the  best  method  is  to  treat  it  by  eoncen- 
trated  w^^kfiric  acid,  in  order  to  obtain  the  purple  fumes  of  iodine. 
It  is  advisable  in  such  cases  to  add  a  little  peroxyde  of  man- 
ganese to  the  substance,  iu  order  tu  prevent  the  formation  ol 
sulphurous  acid.  If  the  iodine  be  in  too  small  proportion 
manifestly  to  produce  purple  fumes^  its  presence  may  be  ascer- 
tained by  mixing  the  compound  with  manganese^  introducing 
the  whole  in  a  flask  and  pouring  sulphuric  acid  upon  it  $  if  a 
piece  of  paper,  snie;ire(l  over  with  starch  be  now  introduced 
into  the  empty  portion  of  the  tlask^  it  will,  after  some  time, 
assume  a  blue  ooIouTj  even  if  the  compound  contain  only 
extremely  minute  traces  of  iodine.  The  best  method  is  to  fix  the 
abo¥c  paper  between  the  nedL  of  the  flask  and  the  cork. 

4.  HYDROFLUORIC  ACID,  FH. 

( A  cid e  Fl  uorii  ydrique^ 

*  H  YOEOPLUOBic  ACID  is,  iu  the  pure  state,  a  colourless  liquid 
which  even  at  the  ordinary  temperature  of  the  air  is  converted 
into  a  colourless  gas  of  a  strong  penetrating  odour,  and  exceed- 
ingly soluble  in  water.  Tlie  aqueons  concentrated  solution  emits 
dense  white  fumes  iu  the  au-.  By  ebullition  it  loses  the  greatest 
part  of  the  hydrofluoric  acid,  and  a  weaker  add  remains. 

*  Aqueons  hydrofluoric  add  is  not  decomposed  by  sulphuric 
nor  by  nitric  actus,  nor  by  chlorine  oas.  That  which 
especially  distinguishes  it  from  all  other  acids,  is  its  projierty  of 
dissolring  silica,  and  consequently,  of  attacking  glass ;  wherefore, 

'  It  often  occui-s,  however,  that  the  fliior-Hpnr  from  ^vllic•!t  hydrtifluorio  acid  is 
obtained  is  contJimiimted  by  sulphurot  of  load,  wliich  decomposing  the  water  of  the 
sulphuric  acid  employed  in  the  preparatiou,  produces  sulphuretted  hydrogen  and 
snlphuroiw  iieid,  in  whidi  oue  hydtcOaane  add  obuined  i»  turbid  or  niilky 
from  Ifae  pNseiiee  cf  aolpliiir,  which,  however,  in  •  ahoct  time  is  dcposited.^Bp. 
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the  experiments  to  which  it  is  submitted  cannot  be  performed 
in  glass  yeisels.   The  best  way  is  to  employ  platinum  utensils. 

Hydrofluoric  acid  forms  with  the  metallic  oxydes,  metalUe 
fluorideSy  most  of  which  may  be  distinguished  from  the  corre- 
sponding chlorides  by  their  less  solubility  in  water.  The  com- 
binations of  fluorine  with  the  metals  of  the  alkalies  are  TCiy 
sparingly  soluble  in  the  pure  state ;  those  of  fluorine  with  the 
metals  of  the  alkaline  earths  arc  cither  altogether  insoluble 
or  very  sparingly  soluble;  lastly,  those  of  fluorine  with  the 
metals^  properly  so  called,  are  not  generally  very  soluble ;  a  few 
of  these  are,  however,  more  soluble  than  the  oonesponding  chlo- 
rides. Several  of  these  metallic  fluorides  combine  with  hydro- 
lluoric  acid,  and  are  thereby  rendered  soluble;  but  some  of 
them  are  altogether  insoluble  in  that  acid.  The  combination 
of  fluorine  with  the  metals,  the  oxydes  of  which  form  powerM 
acids,  are  partly  very  volatile  and  are  often  unknown  under 
any  other  form  than  the  gaseous  state,  such  is  the  case,  for 
example,  with  fluoride  of  sUicium,  and  fluoride  qf  boron  {fluoride 
siiicigue  wad  fluoride  iwrique.) 

*  The  SALTS  OP  LIMB  especially  produce  precipitates  in  the 
solutions  of  metallic  fluorides.  If  a  solution  of  chlorid?:  of 
c ATX  run  be  poured  in  that  of  a  very  pure  metallic  tluoride,  a 
gelatinous  mass  is  obtained  which  is  so  transludd  that,  at  first, 
the  operator  is  led  to  think  that  only  a  very  small  precipitate 
will  be  obtained.  The  precipitate  of  fluoride  of  calcium  thus 
produced  does  not  settle  well  except  after  atldition  of  ammonia, 
and  then  a  very  voluminous  precipitate  is  most  distinctly  formed 
This  precipitate  is  soluble  in  nitric  and  in  muriatic  acids,  but 
in  exceedingly  small  pi  uportion  only.  If,  however,  the  metallic 
fluoride  contains  silica,  the  fluoride  of  calcium  produced  is  much 
more  easily  soluble  in  these  adds,  from  which  solution  it  may 
be  re-precipitated  by  ammonia,  fluoride  of  calcium  only 
very  slightly  soluble  in  free  hydrofluoric  acid. 

*  Fluoride  of  silver  being  soluble  in  water,  the  solution  of 
NiTKATB  OP  SILVER  docs  uot  tToublc  hvdrofluoric  acid,  nor  the 
solutions  of  metallic  fluorides.   The  solution  of  subnitrate  of 
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juercury  produces  no  precipitate  in  hydrofluoric  acid ;  but 
ACETATE  OF  LEAD  determines  a  precipitate  therein. 

*  An  easy  and  certain  method  of  detecting  the  minutest 
quantities  of  metallic  fluorides  in  the  solid  state  consists  in 
pouring  concentka tl;d  sl  lpiu  ric  acid  upon  them,  and  heating 
the  whole  in  a  platinum  crucible;  hydrofluoric  acid  is  thus 
disengaged,  the  minutest  tnuses  of  which  become  evident  bj 
their  corrosiTO  action  upon  glass.  It  is  neoessaiy  to  heat  the 
platinum  crucible  because  several  metallic  fluorides^  for  example, 
fluoride  of  calcium,  are  soluble  in  cold  concentrated  sulphuric 
acid,  and  thus  produce  a  viscid,  stringy,  translucid  liquor  without 
any  hydrofluoric  acid  being  liberated ;  but  by  heating  the  whol^ 
hydrofluoric  add  is  disengaged  and  the  residuum  is  a  sulphate. 
In  order  to  ascertain  the  presence  of  the  hydrofluoric  acid,  which 
is  disengaged,  tlic  platinum  crucible  is  to  be  covered  with  a 
plate  of  glass  coated  with  wax  on  which  some  writing  has  been 
traced.  The  wax  coating  is  applied  to  the  glass  by  heating  it» 
and  fusing  a  little  wax  upon  it.  When  the  glass  plate  has 
become  cold,  the  writing  is  to  be  traced  upon  the  wax  with  n 
needle  or  wire  of  soft  iron,  taking  care  that  the  instrunicut 
penetrates  down  to  the  glass' ;  this  done^  as  soon  as  the  concen- 
trated sulphuric  acid  has  been  poured  upon  the  metallic  fluoride 
under  examination,  the  platinum  crucible  is  to  be  covered  with 
the  waxed  side  of  the  glass  plate,  and  by  holding  it  at  the  top 
of  the  flame  of  a  spirit-lamp,  heated  gently  enough  not  to  melt 
the  wax.  A  small  quantity  of  water  may  also  he  poured  over 
the  outside  of  the  glass  plate  in  order  more  seeurdy  still  to 
prevent  the  fusing  of  the  wax.  The  crucible  is  now  suffered  to 
cool,  and  the  wax  is  next  to  be  scraped  off^,  when  the  glass  will 
be  found  corroded  at  the  points  occupied  by  the  writing.  A 
few  milligrammes  of  metallic  fluoride  are  sufficient  *  to  mider  the 
corrosion  of  the  glass  manifest,  hut  if  the  quantity  of  metallic 
fluoride  be  too  iuconsiderable,  the  corrosion  of  the  glass  becomes 

*  It  is  batter  to  uae  a  pointed  rod  of  brass,  such  as  a  common  piii,  or  even  one  of 
kad,  in  ordm  to  prarent  all  cfaanee  of  tenitoliiiig  the  glase.— Ed. 

>  Tim  miOignmiM  b  -0164  of  the  Eogliib  gnin^Eo. 
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apparent  only  wheu  after  removing  the  wax  it  is  breathed 
upon. 

*  If  a  platiniim  crndble  is  not  at  haad,  the  metallic 
fluoride  is  to  be  rednced  to  powder^  and  made  into  a  paste  with 

concentrated  sulphuric  acid,  in  which  state  it  is  to  be  applied 
upon  the  wax-coated  plate  of  glass,  upon  which  the  writing  has 
been  traced.  After  standing  thus  for  a  long  time>  tbe  wax  may 
be  scraped  o£P,  and  the  corrosion  of  the  glass  at  the  point 
oconpied  by  the  writing  may  be  perceived.  In  order  to  succeed, 
it  is,  however^  necessary  to  use  a  pretty  large  quantity  of 
fluoride. 

*  In  the  same  way^  and  by  means  of  sulphuric  acid,  metallic 
fluorides  may  be  detected  in  solutions  which  are  not  too  dilute. 

If  the  solution  of  the  metallic  fluoride  is  a  dilute  one,  it  is 
necessan^,  after  having  added  the  sulphuric  acid  to  the  Uquor, 
to  pour  it  in  a  glass  the  inside  of  which  is  coated  with  wax  and 
on  certain  portions  of  which  some  writing  has  been  traced ;  the 
solution,  if  the  quantity  be  not  too  considerable,  is  then  left  to 
evaporate  to  dryness  in  the  glass.  When  afterwards  the  dried 
mass  is  removed  by  washing  and  the  wax  coating  is  scraped  off, 
it  may  be  seen  that  the  glass  has  been  attacked  in  those  parts 
corresponding  to  the  writing.  If  only  a  very  small  quantity  of 
a  solution  containing  a  minute  portion  only  of  metallic  fluoride  is 
in  the  operator's  possession,  the  hquor^  according  to  Bcrzehus, 
may  be  evaporated  upon  a  watch-glass.  It  is  necessary,  however, 
that  this  glass  be  of  such  a  quality  as  to  resist  tiie  action  of 
the  ordinary  acids.  When  afterwards  the  dry  saline  mass  is 
dissolved  with  water,  it  may  be  seen  that  the  glass  has  been 
manifestly  corroded  at  the  place  corresponding  to  that  oceupied 
by  the  residuum.  The  safest  method,  however,  of  detecting  the 
presence  of  a  metallic  fluoride  is  that  first  indicated,  and  which 
consists  in  treating  the  dry  compound  by  suipiiuric  acid  in  a 
platinum  crucible.  It  is  best,  therefore,  when  the  object  is  to 
search  for  hydrofluoric  add,  or  a  metallic  fluoride  in  a  reiy 
dilute  neutral  or  alkaline  solution,  to  evaporate  it  to  dryness  in 
a  platiniun  crucible,  and  to  treat  the  dry  mass  by  sulphuric  acid 
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as  has  been  said.  If  tlie  solution  be  acid,  it  must  be  first 
saturated  by  amiuuuia,  aud  treated  as  has  just  beeu  said. 

*  All  met&Uic  fluorides  are  deoompoaed  when  heated  with 
snlphuric  add.  There  are  compoimda^  however,  which  oontain 
metallic  fluorides  amongst  their  constitaent  principles,  and 
which  are  not  decomposed  by  sulphuric  acid  with  the  liclp  of 
heat.  The  presence  of  hydrofluoric  acid  in  such  compounds 
cannot,  thereforei  he  detected  by  the  process  which  we  have 
just  described,  even  though  the  compound  may  contain  a 
considerable  quantity  of  it.  Severfd  siliceous  compounds 
found  in  nature,  such  as  topaz,  belong  to  this  category.  The 
presence  of  fluorine  may  be  detected  therein  by  means  of  the 
BLOW-piPB,  as  will  be  indicated  below ;  yet  this  means  does  not 
always  succeed  when  the  proportion  of  fluorine  is  very  minatet, 
m  ill  some  species  of  amphibole. 

The  follow  ing  is  the  least  dubious  process  to  detect  the 
presence  of  fluorine  in  compounds  which  sulphuric  acid  cannot 
decompose.  The  compound  is  to  be  reduced  into  fine  powder 
by  trituration  and  lerigation,  and  mixed  with  about  three  or 
four  times  its  weight  of  earbonute  of  soda,  and  strongly  ignited 
in  a  platinum  crucible;  the  calcined  mass  is  then  to  be  softened 
with  water,  and  the  solution  is  separated  from  the  insoluble 
portion  by  throwing  the  whole  upon  a  filter.  If  too  large  a 
quantity  of  solution  has  been  obtained,  it  must  l)c  evaporated 
iu  a  porcelain  capsula  until  it  be  reduced  to  a  couvenient  bulk, 
it  is  then  to  be  poured  in  a  phitinum  d^Mula,  or  if  no  such  vessel 
is  at  hand,  in  one  of  pure  silver,  and  it  is  to  be  cautiously  saturated 
with  muriatic  acid.  For  stirring  it,  a  rod  of  silver  or  of  platinum 
must  be  used,  and  not  one  of  j^lasis.  The  acid  liquor  is  to  be 
left  at  rest  for  a  long  time,  in  order  to  allow  of  the  carbonic 
add  being  disengaged  as  much  as  possible  in  the  cold,  and  it  is 
then  to  be  supersaturated  with  ammonia  in  the  capsula.  The 
ammoniacal  liquor  is  then  poured  in  a  glass  flask,  and  mixed 
therein  with  rfdoridv  of  calcium,  and  the  flask  being  now  closed 
with  a  cork,  a  precipitate  of  fluoride  of  calcium  will  be  formed 
if  the  compound  contained  a  metallic  fluoride.   The  fluoride  qf 
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calcium  is  to  be  precipitated  iu  a  corked  tlask,  because  by  thus 
excluding  the  contact  of  the  air  it  cannot  be  sensibly  contami- 
nated with  carbonate  of  lime.  The  liquor  is  then  to  be  filtered^ 
and^  after  drying  the  precipitate,  it  is  to  be  decomposed  by  snl- 

phuric  acid  in  a  platinum  crucible,  as  previously  indicated,  iu 
order  positively  to  ascertain  that  it  really  consists  of  fluoride  of 
calcium. 

*  The  combinations  which  consist  essentially  of  a  metallic 

thioride  as,  for  example,  Huor-spar  and  topaz,  are  precisely  those 
iu  which  the  presence  of  the  fluoride  is  most  difficult  to  detect 
by  means  of  the  blow-pipe.  It  is,  on  the  contraiy^  more  easy  to 
recognise  it  in  the  compounds  which  contain  only  a  very 
minute  quantity  of  it,  and  in  which  this  salt  seems  in  fact  to  be  an 
accidental  in«prcdient,  as,  for  example,  in  some  varieties  of  mica, 
when  these  compounds  contain  at  the  same  time  a  little  water 
In  order  to  detect  the  presence  of  the  metallic  fluoride  in  the 
first  of  these  combinations,  they  should  be  mixed  with  some 
microcosmic  salt  previously  fused,  and  lieatcd  at  the  extreniity 
of  an  open  glass  tube  in  such  a  way  that  part  of  the  flame  be 
pushed  into  the  tube  by  the  current  of  air.  Some  aqueous 
hydrofluoric  add  is  thus  formed  which  flows  along  the  tube, 
and  which  may  be  re(  o«;nised,  not  only  by  its  peculiar  odour, 
but  also  because  it  corrodes  the  glass  tube  in  its  whole  length, 
but  principally  at  those  points  where  moisture  had  deposited. 
If  then  a  brazil-wood  test  paper,  mmstened  with  water,  be 
introduced  into  the  coldest  part  of  the  tube,  it  becomes  yellow. 
According  to  Bonsdorfl',  this  property  of  turning  brazil-wood 
test  paper  yellow  belongs  not  only  to  hydroHuoric  acid,  but 
likewise  to  a  few  other  acids,  namely,  phosphoric  and  oxalic 
adds,  and  may  serve  to  distinguiah  them  from  sulphuric,  nitric, 
arsenic,  and  l)oracic  acids. 

*  According  to  Smithson,  hydrofluoric  acid  is  disengaged 
from  fluor-spar  and  topaz  even  without  the  help  of  microcosmic 

>  The  common  mica  cont^ns  liiydrofluoric  acid  in  t!ic  proportions  of  from  0*56, 
like  tlmt  of  Utii  in  Sweden,  acpoHing  to  Rose  ;  to  8-53,  like  tliat  of  Zinawald  in 
Buhcniia,  according  to  Guioliu  ;  the  first  coataiiu,  acooxdiQg  to  Uie  aftme  Mitho- 
nties,  1*39,  the  second,  0  83  of  water. — Ed. 
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salt  by  licating  it  before  the  blow-pipe  upon  a  piece  ot  platinum 
foil.  In  order  to  recognise  the  disengagement  of  hydrofluoric 
add  it  is  necessary  slightly  to  fold  the  platinum  foil  so  as  to 
form  a  gutter  or  i^linder^  and  puah  abont  half  of  it  in  a  i^ass 
tube,  open  at  both  ends.  Whilst  blowing,  the  glass  tnbe  must 
be  held  in  a  suniowluit  shuitiug  position,  in  order  to  permit  the 
)i}  (lroiluoric  acid  whicli  is  disengaged  to  traverse  it^  and  by 
which  it  is  corroded  and  rendered  opaque.  This  process  may 
also  be  resorted  to  Ibr  other  combinations  which  contain  a 
metallic  fluoride.  According  to  Smithson  the  experiment  may 
be  modified  in  the  following  manner : — The  tube  is  to  be 
fixed  into  a  cork  by  means  of  a  metallic  wire,  and  the  sub- 
stance under  examination  being  attached  to  the  extremity  of  a 
platinum  wire  by  means  of  a  little  day,  this  platinum  is  stuck 
also  in  the  cork  in  sudi  a  way  that  the  substance  under  trial  be 
just  opposite  to  the  inferior  aperture  of  the  tube,  and  that  by 
blowing  upon  it  the  flame  be  driven  into  the  tube. 

*  When  a  compound  contains  only  a  small  quantity  of  metallic 
fluoride,  but  mixed  at  the  same  time  with  a  little  water,  the 
presence  of  fluorine  may  often  be  ascertained  in  the  following 
manner : — The  coniljination  is  to  be  introduced  into  a  thickisli 
glass  tube,  closed  at  one  end,  and  in  the  open  part  of  which  a 
strip  of  moist  brazil-wood  test  paper  is  placed.  Upon  submitting 
the  tube  to  the  action  of  the  heat  of  the  Uow-pipe,  fluoride  of 
silieinm  (fluoailidc  add)  is  disengaged,  if  the  compound  con- 
tained silica,  and  a  ring  of  silica  (silicic  acid;  is  deposited  at  a 
short  distance  from  the  heated  point,  whilst  the  extremity  of  the 
braadl-wood  test  paper  in  the  tube  becomes  yellow.  But  if  the 
combination  contains  no  water,  these  phenomena  do  not  take 
place,  even  though  the  compound  might  contain  a  large  quantity 
of  metallic  fluoride. 

*  A  great  number  of  metallic  fluorides  are  not  decomposed  by 
exposure  to  a  red  heat  in  contact  with  the  air.  There  are 
several  however  which,  like  some  chlorides,  undergo  partial 
decomposition  dunug  the  operation.  This  is  owing  to  the 
moisture  ol"  the  air.  A  little  hydrofluoric  acid  is  disengaged, 
and  a  small  quantity  of  the  metal  is  transformed  into  oxyde. 
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*  The  simple  combiuations  of  fluorine  form,  when  they  uniti' 
together,  double  eompounds,  which  ofteu  have  properties  quite 
different  from  their  ooiiBtitaeiit  piindplesy  owing  to  which  cir- 
cnmstance  were  the  operator  to  examine  them  superficially^ 
he  miglit  altogether  overkxdt  the  presence  of  fluorine. 

HYDROFLUOSIUaC  ACID  AND  MBTALLIC  8IUC0FLU0RIDES. 
{AekU  aaiei0mHkpdHpit  Mid  aUie^^hioniret  MMltqmt.) 

The  most  important  of  tbe  combinations  wliicb  fluuridLs  form 
by  uniting  with  each  other,  are  those  of  fluoride  of  silicium 
with  other  metalhc  fiuorides.  Fluoride  of  silicium  in  the  pure 
state  is  a  colourless  gas^  which  has  a  suffocating  add  smeU,  and 
which  emits  fames  in  contact  with  the  air.  It  does  not  attack 
glass.  When,  however,  the  latter  is  damp,  it  becomes  covered 
with  a  very  adhesive  coating  of  silicic  acid  (silica).  It  is  absorbed 
by  the  hydrofluorides,  but  not  by  the  dry  metallic  oxydes.  It  is 
largely  soluble  in  water,  but  is  thereby  partially  decomposed ; 
silidc  add  is  deposited  in  the  gelatinous  state,  and  a  combina- 
tion of  fluoride  of  silicium  and  of  hydrofluoric  acid  is  dissolved 
(hydroflmsilicic  acid).  If  only  a  small  (piantitv  of  water  has  been 
employed,  the  whole  mass  is  conyerted  by  the  hberated  silidc 
add  into  a  semi-transparent  mass.  Hydrofluosilidc  add  has  an 
acid  taste,  and  is  volatilised  at  the  same  temperature  as  water. 

*  When  this  acid  is  evaporated,  it  undergoes  decomposition, 
and  hydrofluoric  add  remains.  Hydrofluosilidc  add  does  not 
corrode  glass,  yet  when  it  is  evaporated  in  glass  yessels  they  are 
corroded  by  the  hydrofluoric  add  tiberated  during  the  operation. 
If  a  drop  of  hydrofluosilicic  acid  be  cvaj)orated  upon  a  piece  of 
glass,  a  stain  is  produced  thereon,  which  cannot  be  removed  by 
washing. 

*  Hydrofluosilicic  add  combines  with  the  basic  metallic 
oxydes,  and  produces  double  fluorides  (metallic  silicofluo- 

HiDKs).  In  order  to  obtain  these  silicotluorides,  it  is  nceessiuy 
to  add  an  excess  of  hydrofluosilicic  add  to  the  base,  or  at  auy 
rate  to  use  as  much  of  it  as  is  necessary  to  saturate  the  base. 
When  the  base  is  in  excess,  the  metallic  silicofluoride  produced 
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is  decomposed,  anil  silica  separates  in  flakes  The  solutions  of 
the  metallic  silicofiuoridcs,  the  metals  of  which  form  alkalies, 
are^  according  to  Berzelius^  tlie  only  ones  from  which  the  alkalies 
can  separate  pure  silicic  acid,  and  which  consequently  are  thus 
transformed  into  pure  metallic  fluorides.  Ebullition^  however, 
is  necessary  to  effect  this  decomposition.  When  a  carbonate 
OF  ALKALI  has  been  employed  to  produce  it,  carbonic  acid  is 
disengaged  with  effervescence  whilst  the  liquor  is  heated  :  the 
silicic  acid  is  dissolved  by  the  excess  of  carbonate  of  alkali,  and 
separates  on  cooling,  under  the  form  of  an  opaline  jelly.  The 
solutions  of  alkalies  being  poured  in  those  of  the  metallic  siheo- 
fluorides,  the  metals  of  which  form  alkaline  earths,  separate 
silicic  acid  mixed  with  the  fluoride  of  the  metal  of  the  alkaline 
earth  which  is  not  decomposed  by  the  alkalies,  whilst  the 
fluoride  of  the  alkaline  metal  formed  remains  in  solution.  The 
alkalies  beiiij^;  poured  in  the  metallic  silicofluoridc,  the  metals  of 
wliicU  produce  (Mirths  and  metallic  oxydes,  properly  so  called, 
separate  silicic  add  in  combination  with  the  earth,  or  with  the 
metallic  oxyde,  whilst  all  the  fluorine  of  the  metallic  silioofluoride 
forms  a  metallic  fluoride  with  the  metal  of  the  alkali.  If  the 
metallic  oxyde  which  has  sep.irated  be  soluble  in  ammonia,  it 
does  not  prevent  this  re-ageut  irom  separating  the  silicic  acid, 
not  ahme,  but  in  combination  with  a  certain  quanti^  of  the 
oxyde. 

*  Among  the  metallic  silicofluorides,  those  of  potassium,  of 
sodium,  and  of  barium,  are  very  sparingly  soluble  in  water ; 
wherefore  hydrofluosilicic  acid  may  be  em})loycd  to  detect  potash, 
the  more  especially  as  the  properties  of  sihcofluoride  of  potas- 
sium are  remarkable  (page  4).  HijdroftutmHcic  acid  serves  also 
to  detect  baryta,  or  rather  to  distinguish  it  from  strontia,  and 
from  lime  (pages  21-,  30, 35).  The  other  metallic  silicofluorides, 
even  those  of  lead  and  of  silver,  are  very  soluble  in  water. 

'  an  excess  of  base  ih  crinplnyed,  the  silicofluoridc  |>ro<ltic<Ml  is  thereby 

ilin-tdnposeU,  iu  const'qiu'uro  of  Hhicli  silicic  acid  sepai'ates  ami  a  tm  tallic  fluoride  is 
foioueU  ;  but  when  tlio  quanuty  ol  bab<.  is  just  sufficient  to  saturaw  tl»e  hydrofluo. 

iide  Midy  the  mnlt  is  a  doable  oompouud,  whidi  eoBtfats  of  a  meteUic  fluoride, 
combined  with  »  quentity  of  flnmide  of  eUieimii,  which,  sec(»ding  to  BevMliae, 
contains  twice  as  much  fluorine  as  the  metallio  fluoride  does^En, 
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*  When  concentrated  sulphuric  acid  is  poured  upon  metallic 
silicofluorides,  most  of  them  are  promptly  decomposed,  fluoride 

of  silicium  is  disengaged  under  the  gaseous  form,  and  it  is  only 
when  the  Hquor  is  heated  tliut  hquid  hydrofluosilicic  acid  is  pro- 
duced^ which  powerfully  attracts  the  moisture  of  the  air.  The 
ailicofluorides  of  calcimn  and  of  barium  are  decomposed  by 
m^DAurte  acid  only  when  they  are  heated  in  contact  with  it 
above  212°Fahr.  If  these  decompositions  are  produced  in  glass 
v  essels  they  are  powerfully  corroded  during  the  heating  of  the 
liquor.  The  rationale  of  this  reaction  has  been  explained  before. 
If  platinum  vessels  be  employed,  the  plate  of  glass  with  which 
thcv  have  been  covered  is  attacked  exactly  as  is  the  cabc  when 
metallic  fluorides  are  decomposed  by  sulphuric  add. 

*  Hydrofluosilicic  acid  is  only  partly  disengaged  &om  the 
metalHc  silver  fluorides  by  nitric  and  by  muriatic  adds, 
exactly  in  the  same  manner  as  these  acids  are  only  incompletely 
separated  from  the  metallic  nitrates  and  chlorides  by  hydro- 
fluosilicic acid.  But  when  hydrofluosilicic  acid  forms  with  the 
bases  of  these  salts  compounds  which  are  insoluble,  or  sparingly 
soluble,  the  separation  is  almost  completely  effected  in  the 
humid  way  ;  tlius,  for  example,  if  hydrofluosilicic  acid  be  poured 
in  the  solutions  of  all  the  salts  of  potash,  the  potash  is  almost 
completely  separated  in  the  state  of  silioofluoride  of  potassium. 

*  The  metallic  silioofluorides  are  decomposed  by  exposure  to 
a  red  heat,  and  are  thereby  converted  into  metallic  fluorides, 
fluoride  of  silicium  being  at  the  same  time  diseugiigcd  iu  the 
state  of  gas.  The  decomposition  may  be  completely  effected  in 
distilling  vessds,  but  a  protracted  heat  is  necessary  to  expel  the 
whole  of  the  fluoride  of  silicium.  The  decomposition  begins 
sooner  in  open  vessels,  but  then  the  metallic  fluoride  which 
remains  after  calcining  is  ordinarily  contaminated  by  silicic 
add,  because  the  fluoride  of  silidum  is  decomposed  during  its 
volatilisation  by  the  moisture  of  the  air,  and  often  also  by  the 
water  of  cr}'stalli8ation,  when  the  compound  contains  any,  the 
consequence  being  a  deposit  of  silicic  acid.  The  fluoride  of 
silidum  may  also  be  decomposed  by  the  water  resulting  from 
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the  combustion  of  the  alcohol  of  the  spirit-himp^  when  the 
calciiiiiig  is  effected  by  it  in  an  open  platinum  cnicible.  The 
silicic  acid  which  is  liberated  in  these  cases  is  generally  dissolved 
by  the  metallic  fluoride  during  fusion,  but  by  dissolving  the 
latter  in  water  the  silicic  acid  is  left  undissolved.  When  the 
metallic  silicoflaorides  which  contain  water  of  crystallisation  are 
heated  in  glass  vessels^  np  to  a  temperature  at  which  the  fluoride 
of  silieium  begins  to  volatilise,  a  white  sublimate  of  hydroflno- 
silicic  acid  is  obtained.  If  this  sublimate  be  examined  with  a 
microscope,  it  is  observed  that  it  is  composed  of  limpid  drops, 
which  by  applying  heat  may  be  driven  from  place  to  place,  but 
which  leave  a  residuum  of  silicic  add,  if  the  air  finds  access  in 
the  apparatus. 

IIYDROFLUOBORICIC  ACID  x\ND  METALLIC  BOROFLUORIDES. 
{Aci(U  Borq/lmrhjfdri^  and  Borq/htomrci  M6lalliqiu»,) 

FLVOBins  OP  BORON  produccs  compounds  which  are  similar  to 
those  which  fluoride  ofsiUekm  forms  with  the  metalHeflmrides, 

In  the  pure  state,  fluoride  of  boron  is  a  colourless  gas,  which 
emits  in  the  air  I'umcs  which  arc  denser  than  those  produced  by 
fluoride  of  silidum,  and  which  does  not  attack  gkss  like  the 
latter*.  It  is  dissolved  in  large  quantity  by  water,  and  with 
disengagement  of  heat ;  whilst  the  gas  is  thus  dissohdng,  a  white 
powder  is  deposited,  which  is  boracic  acid,  and  after  cooling, 
crystals  of  the  same  acid  are  formed  in  the  liquor.  The  solution 
is  very  add,  and  contains  a  combination  of  fluoride  of  bormi,  and 
of  hydrofluoric  add  {hi/drofluoborie  acid).  If  this  solution  be 
evaporated  before  the  boracic  acid  produced  by  the  decomposition 
of  the  water  has  separated,  the  boracic  add  and  the  hydrofluoric 
add  unite  and  reproduce  fluoride  of  boron,  when -the  liquor  has 
reached  a  certain  degree  of  concentration. 

*  Hydrofluoboric  add  combines  with  the  basic  metallic  oxydcs^ 
and  thus  forms  double  compounds  of  fluorine  {metaUic  horofluo- 
rides).    Most  of  these  compounds  are  soluble  in  water.  The 

'  Fluoride  of  silicium  does  not  attAck  glass,  except  when  dissolved  In  water 
Mid  evapoTRted,  becauae  hjrdroAiioric  acid  is  liberated  during  the  operatioD.— -£o 
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least  soluble  of  them  appears  to  be  the  boroflaoride  of  potassium, 
which  in  every  respect  has  the  greatest  analogy  with  the  silico- 
fluoride  of  potassiam.   A  few  boroflnorides  seem  not  to  be 

decomposed  by  the  salifiable  bases,  as  the  reverse  is  the  case  with 
the  silicofluorides.  Thus  ammonia,  for  example,  even  with  the 
help  of  heat,  does  not  dissolve  boroflaoride  of  potassiam  in  larger 
qtumtity  than  water;  and  the  salt  crystallises  in  a  hot  ammo- 
niacal  solution,  as  in  a  hot  aqueous  one.  By  this  cliaracter  it 
m;iy  be  distiuguished  from  silicofluoridc  of  potassium,  since 
silicic  acid  is  separated  from  the  latter  by  ammonia.  A  few 
boroflnorides  appear  not  to  be  decomposed  by  boiling  with  soln- 
tions  of  carbonate  of  potath  or  of  soda,  or  of  pure  potash ;  at  any 
rate,  when  borofluoride  of  potassium  is  treated  by  these  re-agents, 
no  carbomc  acid  is  disengaged,  and  as  the  liquor  is  gradually 
cooling  the  salt  separates  unaltered  therefrom.  Other  metallic 
boroflnorides,  however,  are  decomposed  by  the  addition  of  an 
excess  of  base,  and  arc  converted  into  metallic  Huohdcs  and 
borates. 

*  The  metallic  boroflnorides  are  decomposed  by  concentrated 
SULPHURIC  ACID,  like  the  metallic  silioofluoiides,  but  more 

'  diflficultly,  more  slowly,  and  only  with  the  help  of  heat.  Fluoride 

of  boron  gas  is  first  evolved,  and  then  hydrofliio])oric  and 
hydrofluoric  acids  arc  ordinarily  formed,  and  ultimately  there 
remains  a  sulphate.  If  the  decomposition  has  taken  place  in 
platinum  vessels,  the  plate  of  glass  with  which  they  may  have 
been  covered  will  be  found  corroded,  as  is  the  case  when  the 
simple  metallic  fluorides  are  decomposed  by  sulphuric  acid. 

*  When  the  metallic  boroflnorides  are  exposed  to  a  red  heat^ 
the  result  is  a  decomposition  similar  to  that  which  the  metallic 
silicofluorides  undergo  under  the  same  treatment,  but  which 
takes  place  with  more  dilliculty ;  fluoride  of  boron  gas  is  discn- 
gaged^  which  when  the  metallic  borofluoride  is  not  anhydrous^  or 
when  the  ignitton  is  performed  in  a  small  glass  retor^  is 
deposited  in  smaU  drops  exactly  resembling  a  sublimate,  and  a 
metallic  fluoride  remains.  When  the  metallic  borofluorides  are 
ignited  in  a  platinum  crucible,  the  rim  of  the  cover  is  coated  all 
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round  with  fused  ])oracic  acid,  which  the  moisture  of  the  air 
or  the  water  produced  by  the  combination  of  the  alcohol  lias 
pirecipitated  from  the  fluoride  of  boron  gas.  When  the  heat 
is  not  very  strong,  or  protracted^  the  borofluorides  are  only 
incompletely  decomposed. 

*  Besides  fluoride  of  siliciuui  aud  of  boron  there  are  still 
several  combinations  of  fluorine  with  substances  the  oxydes  of 
which  play  the  part  of  acids,  which  form  double  compounds 
with  basic  metaUic  fluorides,  lliese  compounds  when  ignited 
or  treated  by  sulphuric  add,  deport  themselves  in  a  manner 
which  diflcrs  from  the  beha\'iour  of  the  borofluorides  and  silico- 
fluohdes  under  the  same  treatment.  Tn  such  cases^  no  gaseous 
combination  or  fluorine  is  evolved,  but  when  tu^»huric  add  is 
employed  scarcdy  anything  else  is  disengaged  than  hydrofluoric 
add. 

*  Hydrofluoric  acid  is  distinguished  from  all  other  acids, 
because  it  strongly  attacks  glass,  a  characteristic  property  which 
predudes  its  being  confounded  with  any  other ;  and  it  is  very 
easy  to  recognise  the  combinations  of  fluorine  in  the  solid 
state,  because  when  treated  by  sulphuric  acid,  as  has  been  indi- 
cated above,  they  corrode  glass,  which  chiuractcristic  property 
distinguishes  them  from  ail  other  substances. 

5.  HYDROSULPHURIC  ACID,  SU. 

[SULPIU  UKTIT.D  UYDROGEM.] 

*  HTnaosuLPHURic  acid,  in  the  pure  state,  is  a  colourless 

gras,  which,  submitted  to  a  strong  pressure  and  to  a  low  tempc- 
ruturc,  may  he  (  (tudenscd  into  a  colourless  and  very  fluid  liquid. 
Hydrosulphuric  acid  has  a  peculiar  and  disagreeable  odour, 
similar  to  that  of  rotten  eggs.  A  veiy  small  quantity  of  this 
gas  is  suffident  to  communicate  its  repulnve  odour  to  a  lai^ 
mass  of  other  inodorous  gases,  so  that  by  the  smell  alone,  the 
minutest  traces  of  it  can  be  recognised. 

*  When  sulphuretted  hy(b'ogen  is  inflamed  in  the  air,  it 
bums  with  a  blue  flame,  and  sulphurous  add  gas  is  disengaged. 
It  may  be  inflamed  with  a  burning  match.   If  it  be  mixed  with 
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oxygen  or  with  atmospheric  air  and  then  inflamed^  it  detonates 
with  extreme  violence.  In  the  dry  state  it  is  not  decompoaed 
by  oxygen  gas,  nor  by  atmospheric  air;  but  when  damp,  or 
when  dissolved  in  water,  it  is  decomposed  by  these  two  gases. 
Sulphurous  acid  gas  has  no  action  upon  it  when  both  gases 
aie  diy,  bnt  if  put  in  contact  with  water  they  decompose  each 
other,  water  being  at  the  same  time  fonned  and  sulphnr 
liberated. 

*  Sulphuretted  hydrogen  gas  is  slightly  absorbed  by  concen- 
trated SULPHURIC  Acm,  a  small  quantity  of  sulphurous  acid 
is  formed  during  the  operation^  and  sulphur  is  liberated.  Dilute 
sufphurie  acid  has  no  action  upon  sulphuretted  hydrogen.  It 
is  decomposed  by  chlorine,  and  converted  into  muriatic  acid, 
sulphur  being  at  the  same  time  deposited.  Bromine  and 
IODINE,  in  the  gaseous  state,  produce  the  same  effect.  It  is 
likewise  decomposed^  and  with  violence,  by  fuming  nivkic  acid, 
sulphur  being  at  the  same  time  liberated. 

*  Pure  sulphuretted  hydrogen  is  entirely  absorbed  by  a 
solution  of  pure  potash  ;  but  if  it  contains  hydrogen  gas  the 
absorption  is  not  complete.  If  it  contains  carbonic  acid  it 
renders  lim b-watbk  turbid  as  it  passes  through  it. 

*  Sulphuretted  hydrogen  is  completely  absorbed  by  water, 
but  not  in  very  large  quantity,  water  absorbing  only  two  or 
three  times  its  own  bulk  of  this  gas.  The  solution  is  colourless, 
and  has  the  same  disagreeable  odour  as  the  gas.  The  solution 
reddens  Htmus  paper,  but  not  strongly.  When  the  solution  is 
kept  perfectly  out  of  contact  of  the  air  it  does  not  undergo 
decomposition;  but  exposed  to  its  contact  it  becomes  decom- 
posed in  a  short  time,  its  hydrogen  unituig  with  the  oxygen  of 
the  air,  and  sulphur  being  liberated.  Whilst  this  reaction  is 
taking  place  the  solution  at  first  becomes  milky  and  gradually 
loses  its  odour,  and  the  liberated  sulphur  is  slowly  deposited, 
in  which  case  it  has  always  a  white,  instead  of  a  yellow  colour. 
Sulphuretted  hydrogen  may  be  expelled  from  its  aqueous  solu- 
tion by  boiling,  though  it  is  difficult  to  render  water  inodorous 
by  this  means,  at  least  iu  a  short  time. 
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*  The  aqueous  solution  of  sulphuretted  hydrogen  is  decom- 
poaed  by  almost  all  the  substances  by  which  the  gaa  can  be 
deoompoaed.  The  aqoeona  aolntion  of  chlobinb  «ad,  next  to 
it,  of  BBOM INB  and  iodimb  is  the  most  energetic  in  this  respect ; 
whilst  this  reaction  is  produced  there  i-i  always  a  sepai-ation 
of  sidphur  and  formation  of  hydrochloric,  hydrobromicy  and 
hydriodic  adds.  The  aqneoiiB  aolntioiii  of  tulphnietted  hy  dxoga 
is  also  easily  decompoaed  by  svlphvbovs  acid  ;  but  irimc  acib 
is  not  so  effective  in  this  respect,  on  acooont  ^  iJie  state  of 
dilution  in  which  the  sulphuretted  hydrogen  is. 

*  Sulphuretted  hydrogen,  by  combining  with  the  mctalhc 
oxydes,  Ibrms  mbtallic  suLFHUBBfs.  Thore  are  but  iem 
metallie  oxydes,  which  are  not  thus  converted  into  metallic 
sulphurets  ;  of  tlicse  we  shall  speak  further  on. 

*  The  combinations  of  sulphur  with  the  metals,  the  oxydea  of 
which  form  alkalies,  are  soluble  in  water.  The  metals  of  alkalies 
combine  with  sulphur  in  several  proportions,  and  Hie  oom- 
pounds  resxUting  therefrom  are  yeUowiah-white  or  brown,  when 
perfectly  pure.    They  all  absorb  moisture  from  the  air,  and 
resolve  into  a  yellow  liquid.   They  may,  in  some  cases,  be 
obtained  in  crystals,  in  which  case  they  contain  water  of  crye- 
talHsation.   Thdr  aqueous  solution  renders  red  litmus  paper 
blue,  without  exception.  The  aqueous  solutiou  oi  tlie  sulphureta 
of  the  metals  of  alkalies  which  contain  the  minimum  of  sul- 
phur forms  a  colourless  liquid,  which,  however,  turns  yeUow  bj 
exposure,  and,  in  fact,  assumes  the  same  colour  as  the  solutions 
of  the  sulphurets  of  metals  of  alkalies,  which  contain  more  sul- 
phur.   The  colourless  solutions  of  these  sulphurets  of  metals  of 
alkalies,  when  concentrated,  may  dissolve  and  absorb  pulverised 
sulphur,  especially  with  the  hdp  of  heat,  by  which  means  they 
assume  a  yellow  colour,  and  ai-e  rendered  similar  to  the  solutions 
of  the  metallic  sulphurets  of  alkalies,  which  contain  a  larger 
proportion  of  sulphur. 

^  The  solutions  of  these  metallic  sulphurets  are  decomposed 
by  almost  all  acids,  even  by  the  weakest,  and  always  with  dis- 
engagement of  sulphuretted  hydrogen.    The  metal,  when  an 
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oxacid  hn  been  emplojed*  is  ooimrted  into  an  ozyde,  and 
oombines  with  tliat  oxacid.  When  the  deoompodtion  is  effected 
by  meami  of  a  hydracid,  the  metal  ttnites  with  the  radical  of  that 
hydracid.  Even  nitric  acid  decomposes  the  solutions  of  the 
sulphureta  of  metals  of  alkalies  with  disengagement  of  sulphmr- 
etted  hydiogen.  If  the  metallic  aolphniet  of  alkaH  is  one  with 
the  miTiiwiiTn  of  sulphur,  its  solution,  strictly  speaking,  shonid 
uot  be  rendered  turbid  when  decomposed  by  an  acid ;  yet  it 
always  becomes  more  or  less  milky,  or  at  least  opaline,  owing 
to  a  liberation  of  snlphnr,  because  it  is  impossible  to  obtain  a 
sdntioa  tee  firom  aU  ezcees  of  sulphnr.  When  the  alkaline 
salphnrets  contain  a  larger  proportion  of  sulphur,  the  decom- 
position of  their  solution  by  means  of  an  acid  is  always 
accompanied  by  the  formation  of  a  white  precipitate^  produced 
by  a  liberation  ci  sulphnri  and  this  precipitate  is  always  so  mudi 
the  more  abundant  as  the  oompoond  contained  more  sulphur ; 
even  the  carbonic  acid  of  the  air  is  sufiicicnt  to  effect  this 
decomposition,  wherefore  the  alkaline  sulj)huret8,  both  in  the 
solid  state  and  in  solutioui  exhale  a  feeble  odoor  of  sulphuretted 
hydrogen. 

*  When  the  solutions  of  the  alkaline  sulphurets,  containing 
much  sulphur,  ai*e  decomposed  by  means  of  an  acid,  especially 
by  pretty  strong  muriatic  acid,  taking  care  to  pour  the  solution 
drop  by  drop  in  the  add  and  to  stir  the  mixture^  sulphuretted 
hydrogen  is  always  disengaged,  but  it  then  often  happens  that^ 
instead  of  a  precipitate  of  sulphur,  an  oleaginous  body  is  formed 
which  falls  to  the  bottom  of  the  vessel,  and  which  is  persulphuret 
of  hydrogen'.  This  snbstance»  in  course  of  time,  becomes  thicker, 
sulphuretted  hydrogen  bemg  at  the  same  time  disengaged,  after 
which  it  no  longer  exhales  the  odour  of  sulphuretted  hydrogen, 
but  one  which  is  more  disagreeable  still.    After  the  lapse  of  a 

*  To  obtoiu  tho  pcrsxilphurct  of  hydrogen  as  mentioned,  it  is  necebsarj'  tiiat  botli 
liquors  be  not  too  concentrated,  nor  yet  too  dilttte,  that  they  te  Inkawann,  and  that 
ftey  be  diligently  ilimd  whilrt  bdng  mixed ;  the  experiment  auooeeds  better 
wifli  aolntion  ef  ndphmwt  of  potMiiua  (Sv«r  of  aidpimr)  pomwd  in  mviintie  ndd  $ 
pnmlplMfei  of  hydrogen  ondeigoes  gnuknily  ■pootweoni  deeompoeitfawu— Ed. 
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longer  time  it  becomes  entirely  solid  by  exposure,  and  it  is  then 
found  to  consist  of  almost  pure  sulphur.  This  substance  cannot 
always  be  obtained ;  a  vefy  small  quantity  of  it  is  always  mixed 
with  the  sulphur  which  has  been  precipitated  from  the  solutions 
of  metallic  sulphmrets  of  alkalies  by  means  of  an  acid,  and  it  is 
probably  owing  to  its  presence  that  the  white  colour  of  the 
precipitate  is  due. 

*  If  the  alkaline  sulphuret  contains  any  carbonate  of  alkali, 
which  is  the  case,  for  example,  with  the  compound  known  under 
the  nanii;  ot  liver  of  sulphur,  carbonic  acid  gas  is  disengagtd 
along  with  sulphuretted  hydrogen,  when  the  decomposition  is 
effected  by  means  of  an  acid  poured  in  excess. 

*  By  exposure  to  the  air,  the  solutions  of  the  metallic  sulphureta 
of  alkalies  undergo  a  decomposition^  which  is  due  not  only  to 
the  carbonic  acid  contained  in  the  air,  but  also  to  the  oxygen 
of  the  atmosphere,  by  which  they  are  converted  into  hypo- 
sulphites of  alkalies.  If  it  be  a  lower  sulphuret,  the  half  of  the 
alkali  which  is  thus  formed,  is  sufficient  to  saturate  the  hypo- 
sulphurous  acid  produced,  the  other  half  remaining  in  the 
solution  cither  in  a  pure  state  or  iu  the  state  of  carbonate. 

*  The  combinations  of  sulphur  with  the  metals  the  oxydes  of 
which  form  alkaline  earths,  have  much  analogy  with  the  metallic 
sulphurets  of  alkalies,  both  with  respect  to  their  behaviour 
towards  re-agents,  and  with  their  other  properties,  though  they 
are  less  soluble  in  water  than  the  latter.  Of  all  these  metallic 
sulphuretSj  that  of  calcium  is  the  least  soluble,  even  when  iu 
the  lower  state  of  sulphuration.  Sulphurets  of  barium  and  of 
strontium  are  much  more  soluble.  These  metallic  sulphurets 
may  combine  with  water  of  crystallisation. 

*  The  earths  and  a  few  of  the  metallic  oxydes,  properly  so 
called,  arc  only  verj'  ditHcultly  converted  into  metallic  sulphurets. 
When  hydrosulphuret  of  ammonia  is  poured  into  the  neutral 
solutions  of  their  oxysalts,  they  are  *  generally  decomposed  in 
such  a  way  that  the  ammonia  precipitates  the  earth  or  the  metallic 
oxydc,  whilst  sulphuretted  hydrogen  is  set  free.  Such  is  the 
case  with  the  neutral  solutions  of  the  salts  of  alumina  (page  4G}, 
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of  glucma  (pnge  49),  of  thorina  (page  51)^  of  yttria  (page  6S),  of 
protoxyde  of  cerium  (page  55),  of  sircon  (page  59),  and  probably 
also  of  the  salta  of  chrome  (page  198).  Sulphuretted  hydrogen 
produces  no  change  in  the  neutral  solutions  of  these  salts. 

*  Most  of  the  combinations  of  sulphur  with  the  metals,  pro- 
perly 80  called,  are  totally  insoluble  in  water,  and  in  solutions 
of  salts ;  wherefore,  in  qualitative  and  in  quantitatiye  analysis, 
sulphuretted  hydrogen  gas  and  hydrosulpliurct  of  amnionic  ;u"c 
more  particularly  employed  to  precipitate  the  various  metallic 
oxydes  from  their  solution  in  the  state  of  metallic  sulphurets ; 
for,  in  most  cases,  these  re-agents  determine  a  complete  preci- 
pitation of  even  the  slightest  traces  of  the  metallic  oxydes  held 
in  solution.  The  nature  of  the  precipitates  so  obtained  is  often 
also  more  easily  and  certainly  recognized  than  that  of  the  preci- 
pitates determined  by  other  re-agents,  because  they  often  have 
a  characteristic  colour;  wherefore  sulphuretted  hydrogen  and 
hydrosulphuret  of  ammonia  are  the  most  important  of  all 
re-agents  employed  in  chemical  analysis. 

*  The  composition  of  the  metaUic  sulphureta  precipitated  by 
sulphuretted  hydrogen  or  hydrosulphuret  of  ammonia  is  entirely 
suooilar  to  that  of  the  melallie  salphurets  found  in  nature,  firom 
which  they  differ  only  in  their  external  appearance.  These 
metallic  sulphurets  behave  variously  towards  ro-agents,  but  with 
aqua  regia  and  with  nitric  acid  their  reactions  are  nearly 
uniform. 

^  When,  after  being  pulverised,  they  are  boiled  for  a  long 

time  iu  AQUA  REGIA  tlicv  bccoinc  oxydiscd,  but  then  the 
metal  is  always  completely  oxydiscd  long  before  the  sulphur 
with  which  it  was  combined.  The  ozydised  metal  dissolves 
in  the  acid,  except  it  be  such  an  oigrde  which  forms  with  the 
muriatic  Or  with  the  sulphuric  acid  produced,  an  insoluble  or 
sparingly  soluble  compound,  as  is  the  case,  for  example,  with 
silver  and  with  lead.  The  sulphur  takes  a  longer  time  to 
become  .oxydised;  so  that  after  the  metallic  sulphuret  has 
been  completely  decomposed,  pure  sulphur  is  still  left.  The 
sulphur  thus  liberated  is  generally  of  a  grey  colour,  because 


454 


HYDBOSULPHUBIC  ACID. 


it  is  as  yet  mixed  ^vith  some  undecomposed  metallic  sul- 
phuret ;  but  by  a  protracted  ebullition  or  digestion  it  becomea 
yeUow.  The  flulphur  tkoB  sepafBted  may  be  ooUected  on  a 
filter,  and  heated  upon  a  atrip  of  platmum  foil,  in  order  to 
ascertain  whether  it  is  actually  pure,  in  whicli  case  it  should 
bum  with  a  blue  flame^  exhale  the  odour  of  sulphurous  acid« 
and  leave  no  reddunm,  or  at  any  rate^  an  insignificant  one. 
The  filtered  Mqnor  ia  a  fldation  of  the  metal,  and  contains  sol- 
phnric  acid;  for  a  portion  of  the  sulphur  is  always  oouTerted 
iuto  sulphuric  acid  by  the  excess  of  aqua  regia  employed,  but 
never  iuto  a  lower  degree  of  oxydisation.  The  presence  of 
solphnzic  aoid  in  the  filtered  liquid  may  be  readily  aaceitained 
by  pouring  therein  a  solution  of  a  baiytic  salt.  In.  order  com- 
pletely to  oxydise  the  sulphur  of  the  metallic  stdphuret,  it  is 
ordinarily  necessary  to  continue  the  digestion  in  aqua  regia  for 
a  very  long  time,  and  to  renew  it  (the  aqua  regia)  several 
times. 

*  NiTBic  ACID  acts  upon  metallic  sulphurets  nearly  like 
aqua  regia,  only  when  sulphurets  are  treated  by  hot  nitric  acid ; 

red  fumes  of  nitrous  acid  are  evolved,  and  a  longer  digestion  is 
required  to  give  to  the  sulphur  separated  its  characteristic  yellow 
cdoor,  than  when  aqua  r^fia  is  employed.  The  liquor  filtered 
ficom  the  sulphur  contains  sulphuric  add  also.  The  metallic 
oxyde  is  completely  dissolved,  provided  it  is  one  which  is  soluble 
in  nitric  acid,  and  which  docs  not  form  an  insoluble  compound 
with  the  sulphuric  acid  produced.  Wherefore,  when  sulphuret 
of  antimony  or  of  tin  is  digested  with  nitric  add^  sulphur 
lemains  mixed  with  oxyde  of  antimony  and  peroxyde  of  tin ; 
in  the  same  way,  after  digesting  sulphuret  of  lead  in  nitric  acid, 
the  sulphur  which  is  Hberated  contains  sulphate  of  lead,  whilst 
another  portion  of  the  oxyde  of  lead  remains  dissolved  in  the 
state  of  nitrate  of  lead.  Sulpkuret  af  merewy  (cinnabar)  ia 
almost  the  only  metallic  sulphuret  which  is  not  decomposed  by 
digestion  in  7iitric  acid ;  but  if  aqua  regia  be  employed  instead, 
it  is  then  decomposed  in  the  manner  above  said. 

*  Fumiug  NiTBic  ACID  acts  much  more  violently  upon  the 
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metallic  siilphurcts  thau  aqua  regin  and  ordinary  nitric  acid. 
When  it  is  poured  upon  a  dry  metallic  sulphuret,  reduced  to 
▼eiy  fine  powder,  a  diiengagement  of  light  n  ordinarily  mani- 
fested, and  usually  not  only  the  metal,  but  the  sulphur  also^  is 
completely  oxy^ed^  so  that  the  whole  of  the  sulphuret  is  con- 
Torted  into  a  sulphate^  which  in  general  dissolves  completely  in 
the  water  which  is  subsequently  added. 

*  The  metallic  snlphurets  which  are  insoluble  in  water  do  not 
aU'beihave  in  this  manner  towards  mitbiatic  acid.  Beduoed  to 
a  state  of  extreme  dinsion,  most  of  them  disengage  sulphuretted 
hydrogen  when  treated  by  hot  muriatic  acid ;  which  is  principally 
the  case  with  those  the  metals  of  which  easily  decompose  water 
with  the  help  of  a  dilute  acid,  suck  as  the  penu^kureis  iron 
and  of  manganege :  it  is  more  difficult  to  decompose  wiphuret  of 
zinc  in  this  way,  and  stilphurets  of  nickel  and  of  cobalt  still  more 
so ;  they  may  even  be  said  to  be  hardly  decomposable  in  this 
way.  But  even  the  metallic  sulphurets,  the  metals  of  which 
thus  decompose  water  with  the  help  of  an  add  only  with  much 
difficulty,  or  which  cannot  decompose  it  at  all,  often  undergoes  a 
complete  decomposition  under  disengagement  of  sulphuretted 
hydrogen,  when,  after  having  been  finely  pulverised,  they  are 
heated  with  concentrated  muriatic  acid«  Such  is  the  case  with 
ndphureU  of  mUmony,  of  lead,  of  bUmuik,  of  cadmium,  and  of 
tin.  In  such  cases,  if  the  metallic  sulphuret  contains  precisely 
as  much  sulphur  as  is  necessary  to  form  sulphuretted  hydrogen 
with  the  hydrogen  of  the  decomposed  muriatic  acid,  no  sulphur 
is  deposited,  and  the  decomposition  is  completely  effected  when 
the  metalHo  diloride  is  not  insoluble;  which  is  the  case  with 
the  degrees  of  sulphuration  of  iron  and  of  antimony  which 
correspond  to  the  lowest  degrees  of  oxydisation  of  these  metals. 
But  if  the  metallic  sulphurets  contain  more  sulphur  than  is 
neoessazy  to  iorm  sulphuretted  hydrogen  with  the  hydrogen  of 
the  decomposed  muriatie  acid,  then  the  excess  of  sulphur  is 
liberated,  and  sulphuretted  hydrogen  gas  is  disengaged.  It  is, 
however,  difficult  then  to  obtain  the  precipitated  sulphur  with 
its  characteristic  pure  yellow  colour.   The  higher  degrees  of 
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sulphuration  of  iron  and  of  antimony  are  examples  of  this 
reaction. 

*.The  metallic  sulpliiirets  which  are  insoluble  in  water  behave 
differentlj  with  highly  diluted  muriatic  acid.  Several  of  them 
are  easily  dissolyed  by  this  acid^  and  likewise  in  other  diluted 
acids,  whilst  others,  when  the  liquor  contains  sulphuretted 
hydrogen  in  excess^  are  totally  insoluble  in  muriatic  and  other 
dilute  adds^  even  though  etmeenirated  muriatic  acid  may 
easily  dissolve  them.  Hence  tiie  metallic  sulphurets  which  are 
formed  in  the  metallic  solutions  whidi  are  precipitated  by 
sulphuretted  hydrogen  may  be  divided  into  two  pretty  distinct 
daases,  namely: — 

Ist,  Metallic  sulphurets  which  are  ptedpitated  by  an  excess  of 
suj^huretted  hydrogen  from  their  alkaline,  and  sometimes  from 
their  neutral,  but  not  from  tfaeur  acid  metallic  solutions. 

2nd.  Metallic  siil[)hurets  which  are  precipitated  from  their 
dilute  acid  metallic  solutions  by  an  excess  of  sulphuretted 
hydrogen.  The  metallic  oxydes  themselves  may  be  divided  into 
these  two  classes  a]so\  In  treating  formerly  of  the  deport- 
ment of  the  various  metallic  oxydes  towards  re-agents,  I  have 
alNvjiys  taken  care  to  notice  the  reaction  which  sulphuretted 
hydrogen  determines  in  the  acid  and  the  neutral  solutions  of  the 
bases.  I  shalt*  however,  give  further  on,  a  summary  table  of  the 
various  metallic  oigrdes,  arranged  according  as  th«y  produce 
similar  or  different  reactions  with  snlphuretted  hydrogen,  and 
with  hydrosulphuret  of  ammonia. 

METALUC  SULPHURETS  OF  THE  FIRST  CLASS. 

*  The  metallic  sulphurets  of  the  first  class  are  therefore  those 
which  are  precipitated  by  sulphuretted  liydrogen  from  the  alka* 
line  solutions  of  the  metallic  oxydes  of  the  first  class ;  th^  are 
produced  also  when  hydrasufykuret  qf  ammonia  ia  poured  in  the 
neutral  solutions  of  these  metallic  oxydes.  Therefore,  in  order 
to  precipitate  a  metallic  oxyde  of  the  fii-st  class  in  the  state  of 

'  See  the  synoptic  table  at  page  47 i. 
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metallic  sulphuret,  if  the  solution  be  acid,  it  must  be  rendered 
neutral  or  alkaline  hy  adding  an  alkali,  especially  ammonia ;  an 
ezoess  of  alkali  does  not  prevent  the  precipitation  of  the  metallic 
Bolphnret ;  after  which  kjfdrosulphuret  ofammonkt  is  ponred  in. 
Even  when  the  metallic  oxyde  is  precipitated  by  the  excess  of 
alkali,  it  is  nevertheless  easily  and  completely  converted  into 
metallic  aulphuret  as  soon  as  a  sufficient  quantity  of  hydrosul- 
phniet  of  ammonia  is  added.  In  sach  cases  a  pretty  large  eioess 
of  hydrosulphnret  of  ammonia  may  be  employed,  without  fear  of 
dissolving  the  metallic  sulphuret  produced.  Most  of  the  metallic 
oxydes  of  the  first  class  are  not  precipitated  by  sulphuretted 
hydrogen  from  their  neutral  solutions^  because  at  the  same  time 
as  the  metallic  sulphuret  is  formed  the  add  with  which  the 
metallic  oxyde  was  combined  is  set  at  liberty,  and  dissolves  the 
sulphuret  as  fast  as  it  is  produced.  This  case,  liowever,  occurs 
only  when  the  metallic  oxyde  is  united  to  a  strong  (inorganic) 
acid,  such  as  sulphuric^  muriatic^  nitric  acids,  &c.  Some  metallic 
oxydes  of  this  dass,  the  sulphurets  of  which  are  difficultly  soluble 
in  adds,  are  partially  precipitated  in  the  state  of  metaUic  sul- 
phurets from  their  neutral  solutions  by  sulphuretted  hydiogen; 
but  the  precipitation  ceases  as  soon  as  the  formation  of  the 
sulphuret  has  liberated  a  sufficient  quantity  of  add,  which  then 
prevents  the  formation  of  any  more  sulphuret.  The  solutions 
of  the  neutral  salts  of  smc  are  in  that  predicament. 

♦  When,  on  the  contrary,  the  metallic  oxydes  of  this  class  are 
united  with  very  weak  organic  acids,  they  may  be  partially,  or 
even  at  times  totally,  predpitated  £rom  the  solutions,  in  the  state 
of  metallic  sulphurets,  by  means  of  sulphuretted  hydrogen. 
Thus,  for  example,  peroxyde  of  tin  is  completely  precipitated 
when  combined  with  acetic  acid,  and  even  when  a  great  excess 
of  acetic  acid  is  added  to  the  solution  of  the  neutral  acetate  of 
tin,  the  whole  of  the  peroxyde  of  tin  may  be  predpitated  in  the 
state  of  persulphuret  of  tin,  by  means  of  sulphuretted  hydrogen. 
If,  on  the  contrary,  the  solution  contains  even  a  small  quantity 
of  a  strong  inorganic  acid,  tlic  separation  of  the  peroxyde  of  tin 
in  the  state  of  persulphuret  of  tin  is  not  completely  effected. 
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Owyde  ifeohiUt  and  of  mekd^n  likewise  wboUy  precipitated  from 
their  neutral  solutions  in  acetic  acid  by  sulphuretted  hydroj^en, 
in  the  state  of  sulphurcts  of  cobalt,  or  of  nickel ;  but  if  acetic 
acid  be  added  to  the  aolutioiit  of  their  neutnd  acetates,  no  preci- 
pitate takes  place,  and  the  whole  of  the  oiyde  remains  dissdTed 
aftor  treatment  liy  snlphiiretted  hydrc^en.  A  solation  of  neutral 
acetale  of  protoTyde  of  manganese  does  not  at  first  yield  any 
precipitate  by  sulphuretted  hydrogen,  but  after  some  time  sul- 
phuret  of  manganese  is  separated.  If,  however,  free  ocelie  itdd 
be  added  to  the  solution,  no  sulpbnret  of  manganese  is  preci- 
pitated. Sulphuretted  hydrogen  precipitates  iron  in  the  state 
of  black  sulphurct  of  iron  from  a  solution  of  neutral  acetate  of 
peroxyde  of  iron,  but  if  the  solution  contains  any  free  acetic  add 
a  yeUowisb-wbite  predpitate  of  sulphur  only  is  obtained. 

MBTAUilC  SULPUURETS  OF  THE  SECOND  CLASS. 

*  Thb  metallic  sulphurets  of  the  second  dass  are  combinations 

of  sulphur  with  the  metals  of  the  oxydes  of  the  second  class,  that 
is  to  say,  of  the  oxydes  which  are  precipitated  from  their  acid  solu- 
tions by  sulphuretted  hydrogen.  When  a  metallic  oxyde  of  the 
second  class  is  predpitated  from  its  add  solution  in  the  state  of 
metallic  sulpburet,  by  sulphuretted  hydrogen,  the  predpitated 
sulphuret  which  has  been  first  formed,  can  seldom  be  distin- 
guished from  that  which  is  formed  at  a  later  period,  when  the 
solution  is  nearly  saturated  by  the  sulphuretted  hydrogen, 
because  in  most  cases  the  metallic  sulpburet  first  predpitated 
does  not  combine  with  the  metallic  oxyde  as  yet  undecomposed. 
Protoxyde,  protochloride,  protobromide,  and  protofluoride  of 
mercury,  are  exceptions  to  this  rule.  When  a  small  quantity  of 
sulphuretted  bydrogen  gas  is  passed  through  these  solutions,  a 
white  predpitate  is  formed.  It  is  true  that  at  the  surftce  of  the 
liquid,  just  wluae  tlie  bubbles  of  sulphuretted  liydi'Ogcn  gas 
burst,  a  black  precipitate  of  sulphuret  of  mercury  is  observed, 
but  this  predpitate  becomes  quite  white  when  stirred  about  in 
the  liquid,  provided  the  latter  contain  as  yet  much  of  the  salt  of 
mercury  undecomposed.   This  white  predpitate  remains  for  a 
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long  time  suspended  in  the  liquor^  and  it  consists  of  an  inKdubie 
ocnoabination  of  the  protoBulphnret  of  meiciuy  prodaoedi  mixed 
with  a  portion  of  the  protosalt  of  mercnry,  {sel  mereurique)  as  yet 
Tiudecomposcd.  If  siilpliurettcd  Iiydrogeu  continues  to  be  passed 
a  little  longer  through  the  liquor,  a  mixture  of  a  black  and  of 
a  white  pieoipitate  is  obtained  by  atixiing  the  liqioor;  bnt  if  an 
excess  of  snlphnretted  hydrogen  is  passed  through  the  solntion/ 
tbe  precipitate  obtained  is  altogether  black  and  heavy,  and  it 
then^consists  of  pure  protosulphuret  of  mercury,  ijmyure 
mereurique,  dtmabar.) 

^  Among  the  metallic  ozydes  of  the  aeoond  dass,  thoee  which 
act  as  powerfol  bases  are  more  easily  and  more  rapidly  precipi- 
tated from  their  solutions  in  tlic  state  of  metallic  sulphurets,  by 
sulphuretted  hydrogen,  than  those  which  act  as  acids.  The  latter 
are  completely  precipitated  firom  theur  solutions  only  when  after 
having  sapersatorated  it  witii  snlphnretted  hydrogen,  they  are 
left  at  rest  until  they  have  almost  entirely  lost  the  odour  of  sul- 
phuretted hydrogen ;  the  precipitation  is  accelerated  by  apply- 
ing heat.  The  precipitation  of  the  metallic  sulphuret  is  like- 
wise promoted  by  the  addition  of  a  dilute  add  to  the  liquor. 
The  solutions  of  peroxyde  of  tin,  the  different  egrees  cioxydi- 
satiou  of  {uitimony,  of  arsenic,  &c.,  belong?  to  this  order. 

*  A  great  portion  of  the  metallic  oxydes  of  the  second  class 
are  completely  precipitated  from  their  neutral  or  alkaline  solu- 
tions in  the  state  of  metallic  su^hurets,  by  hydrosulphniet  of 
ammonia,  and  most  of  these  sulphurets  do  not  dissolye  in  an 
excess  of  this  re-agent  ,  even  though  the  oxydc  be  very  soluble 
in  ammonia.  Thus  the  metallic  o^des  are  completely  precipi- 
tated in  the  state  of  metallic  sulphurets,  from  the  ammoniacal 
solutions  of  salts  of  silver,  and  of  ^niaijdB  of  copper^  by  hydro- 
sulphuret  of  ammonia. 

*  Other  metallic  oxydes  of  the  second  class,  on  the  contrary, 
espedalfy  those  which  act  more  like  acids  than  like  bases,  can- 
not be  completely  precipitated  from  their  neutnd  or  alkaHne 
solutions  by  hydrosulpburet  of  ammonia,  because  the  metallic 
sulphurets  which  are  thus  formed  are  more  or  less  &uiubie  iu  an 
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excess  of  the  re-agent.  In  this  respect  the  metallic  sulphurets 
of  the  second  class  may  again  be  subdivided  into  two  sections^ 
namelj: — 

MetaiHe  mt^phureti  wMeh  are  sohMe  in  an  eaeui  qf  hjfdro^ 
mUphurei  of 

Meta^/ic  sulphurets  which  are  not  soluble  in  an  excess  of  hydro* 
siUphuret  qf  ammonia. 

These  two  sabdiTisions  are  equally  applicable  to  the  metallic 
oigrdes  of  the  seoond  clasa.  "Wlieii  treating  of  each  combination 
of  a  metallic  oxyde  with  snlplnir,  I  have  already  indicated  the 
behaviour  of  such  combinations  towaids  an  excess  of  hydro- 
sulphuret  of  ammonia ;  considering,  however,  that  it  is  of  the 
highest  importance  in  chemical  analysis,  to  know  these  reactions 
in  a  thoroiiglily  exact  manner^  I  shall  hereafter  snmmarily 
recapitulate  them. 

*  The  solubility  of  certain  metallic  sulphurets  iu  liydrosul- 
phuret  of  ammonia,  depends  upon  the  aiEuity  of  these  two 
bodies  for  each  other,  similar  to  that  which  oxacids  have  for  the 
oxyhases,  or  fluoride  of  silidum,  fluoride  of  boron,  and  some 
other  componnds  of  fluorine  for  the  basic  metallic  flnorides. 

The  composition  of  the  compounds  which  the  combinations  of 
sulphur  with  the  metals,  the  oxydes  of  which  play  the  part  of 
adds  by  uniting  with  hydrosnlphuret  of  ammonia^  or  with 
metals  the  oxydes  of  which  play  the  part  of  bases,  has  much 
resemblance  with  the  oxysalts,  or  with  the  metallic  nlicofluo. 
rides  or  borofluoridcs.  We  are  indebted  to  Bcrzcliiis  for  this 
discovery,  and  they  were  called  by  him  sulphosalts.  The 
principal  sulphosalts  are  the  combinations  of  sulphur  with 
arsenic,  tungsten,  molybdenum,  vanadium,  antimony,  tin,  and 
tellurium,  which  by  uniting  with  the  sulphurets  of  the  baric 
metals  produce  these  saline  combinations,  a  great  number  of 
which  may  be  obtained  in  crystals,  and  contain  water  of  crys- 
tallisation. The  sulphosalts  which  have  an  alkaline  sulphuret, 
or  a  sulphuret  of  alkaline  earth  for  a  base,  are  ordinarily  soluble 
in  water,  whilst  those  which  contain  sulphuret  of  metals,  pro- 
perly so  called,  appear  generally  to  be  insoluble  in  that 
menstruum. 
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*  The  most  important  sulphosalts^  at  pre&eut  known,  are  the 
foUowiBg: — 

*  SuLPHAssBNiATBs. — ^These  coxitam  anemnretted  hydiogeii, 
that  is  to  say,  the  degree  of  sulphiiration  of  arsenic,  which 

corresponds  by  its  composition  to  torsenic  acid  (As  +  S  J.  Tlieir 
properties,  according  to  iierzelius,  are  as  follow :  their  colour 
Taries ;  those  which  have  an  alkaline  sulphuret  for  a  haae  are 
of  a  lemon-yellow  colour  in  the  anhydrous  state,  and  colourless, 
or  simply  yellowish,  when  they  contain  water  of  crystallisation. 
They  have  a  hepatic  and  extremely  disao^eeable  taste.  They 
are  decomposed  by  dilute  muriatic  acid,  and  other  acids,  when 
the  basic  sulphuret  which  they  contain  is  easily  decomposable 
by  acids,  in  which  case  sulphuretted  hydrogen  is  disengaged, 
whilst  persulphuret  of  arsenic  is  deposited  under  the  form  of 
a  yellow  precipitate ;  yet  this  yellow  sulphuret  is  not  completely 
deposited,  unless  the  liquor  be  left  at  rest  for  a  long  time,  or 
else  by  applying  heat.  If  a  very  dilute  solution  of  a  sulphar- 
seniate  be  decomposed  by  an  add,  no  effenrescence  is  produced, 
and  the  liquor  only  exhales  the  odour  of  sulphuretted  hydrogen. 
Persulphuret  of  arsenic  is  precipitated  even  when  a  current  of 
carbonic  acid  is  passed  through  the  solution  of  these  salts. 

«  The  sulphaiseniates  of  the  metals  of  the  slkalies,  or  of  the 
alkaline  earths,  of  glucina,  and  of  yttria,  and  a  few  also  of  those 
formed  by  some  of  the  metals,  properly  so  called,  are  soluble  in 
Water,  whilst  the  others  are  insoluble  therein.  The  solutions  of 
these  salts  are  decomposed  by  alcohol,  a  subsalt  is  precipitated, 
and  a  salt  which  contains  double  the  quantity  of  sulphuret  of 
arsenic  remains  in  solution.  If,  by  submitting  the  filtered  liquid 
to  (listillatioli,  half,  or  a  little  more  than  half,  of  the  alcohol  is 
abstracted,  crystalline,  yellow,  and  shining  spangles  deposit  on 
cooling,  which  spangles  often  altogether  fill  up  the  space  occu- 
pied by  the  liquid,  though  their  quantity  in  weight  is  very  small. 
These  crystalline  sp:iii<;lesmelt  almost  as  easUy  as  sulphur.  They 
consist  of  persulphuret  of  arsenic,  that  is  to  say,  that  degree  of 
sulphuration  of  the  metal  in  which  there  is  more  sulphur  than 
in  that  which  corresponds  to  arsenic  acid.   By  continuing  the 
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eviiporation,  a  lower  degree  of  snlplni ration,  which  has  a  red 
colour  ia  again  separated  from  the  liquor. 

*  Ezpoted  to  dry  dintillation,  the  neutral  aulphaneniates  loae 
a  portioiL  of  their  snlphiir,  and  become  cosnrerted  into  auJ^har- 
flenites;  the  basic  snlpharseiiiates,  on  the  contrary,  tmdergo  no 
alteration.  Heated  in  contact  with  tlic  air,  they  are  easily- 
decomposed,  leaving  the  base  either  simply  in  the  state  of  ozyde, 
or  combined  with  sulphuric  acid ;  sometimes  the  residnnm  con- 
tains arsenic  add  besides.  The  solutions  of  these  salts  are 
often  decomposed  by  the  metslfic  oxydes,  the  result  bang  the 
formation  of  an  arseniate,  which  remains  dissolved  in  the  liquor, 
and  a  subsulpharseniate  which  is  deposited. 

*  The  concentrated  solutiims  of  the  su^harseniates  maj  be 
kept  in  open  vessels  tolerably  well,  but  tlieir  dilute  solutions 
are  decomposed.  Yet  their  decomposition  proceeds  only  slowly, 
and  several  months  must  elapse  before  it  is  complete.  The 
liquor  becomes  turbid,  deposits  sulphuret  of  arsenic  (As  O^) 
and  sulphur,  and  consists  then  not  only  of  some  as  yet  nndeoom- 
posed  snlpharseniatet,  but  also  of  some  arsenite  and  hyposulphite, 
which  latter  substance,  when  the  deoomposifeioii  has  been 
completed,  is  cbnverted  into  a  sulphate. 

'  *  SuLrHAKSBNiTXS. — These  salts  contain  sulphuret  of  arwnic 
(As  8,),  that  is  to  say,  the  degree  of  sulphuration,  the  com- 
position of  which  corresponds  to  arsenious  add  (AsO,). 

According  to  Berzelius,  they  can  be  obtained  in  tlie  neutral 
state,  and  in  the  solid  form  only  in  the  dry  way,  because,  when 
their  solutions  are  brought  to  a  certain  degree  of  concentration, 
th^  are  decomposed,  and  deposit  a  brown  powder,  which  is  a 
hyposulpharsenite,  whilst  a  baric  sulpharseniate  remains  in  the 
liquor,  yet  the  decomposition  is  completed  only  when  tlic  latter 
salt  begins  to  crystallise.  By  diluting  the  liquor  with  water,  or 
boiling  it,  the  predpitate  dissolves,  and  the  sulpharsenite  is 
reproduced.  This  decompodtion  likewise  takes  place  by  treating 
with  a  small  quantity  of  water  the  salt  prepared  in  the  dry 
way,  and  also  by  pouring  alcohol  in  a  dilute  solution  oi  iiulph- 
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anenitey  wliilst  the  alcohol  determineB  the  precipitation  of  a 
subsalty  which  snbaequentlj  undergoes  a  decomposition,  as  we 

have  just  described,  and  becomes  black  after  a  few  moments. 
When  alcohol  is  poured  in  the  solutions  of  basic  sulphcS-seniteSf 
of  baryta,  of  limey  and  of  ammonia,  the  decomposition  of  the 
predpitsted  suhsalt  does  not  take  place,  and  is  effected  onlj 
wben  the  solution  contains  mther  a  nentnl  salt,  or  a  salt 
containing  an  excess  of  arscnious  sulpliurct. 

^  The  sulpharsenites  which  have  an  alkali  for  a  base  are  not 
decomposed  hy  being  sabmitted  to  dry  distillation;  the  i^HgAiiuft 
anlpliobase  may  retain,  at  %  red  heat,  several  times  as  much 
arseuious  sulphuret  as  is  necessary  for  its  saturation.  The 
other  sulpharsenites  are  decomposed  by  a  dry  distiilation ;  some 
arsenions  sulphuret  passes  over,  and  at  times  a  subsaLt,  Jit  other 
times  the  sulphobase  alone  remains. 

*  The  sulpliarsenitee  behave  like  the  sulpharseniates  with  the 
metallic  oxydes,  the  acids^  and  when  put  in  contact  with  the 
air ;  also  when  exposed  to  a  red  heat  in  contact  with  the  air. 

*  Htpo8ulpbar8bniti8« — Thcse  salts  eontain  the  hypo- 

arsenious  sulphuret  (realgar,  or  red  sulphuret  of  arsenic)  As  -f  S , , 
which  is  a  degree  of  sulphuration  which  does  not  correspond 
to  any  degree  of  oxydisation  of  the  metal.  Their  colour 
is  red  or  deep  brown.  Aooording  to  Benelins,  the  neutral 
hyposulpharsenites  whieh  have  been  prepared  in  the  dry  way  are 
decomposed  by  water,  a  black  or  deep  brown  sulphuret  of  arseuic 
to  the  minimum  of  sulphuration  is  deposited,  and  a  sulpharseniato 
remains  in  solution.  Most  of  these  salts  are  insoluble  in  water. 
Acids  separate  some  hypo*aisenioiis  sulphuret  firom  them. 

*  SuLPHOMOLYBDATEs. — ^Thcse  salts  contain  the  sulphuret 
of  molybdenum,  that  is  to  say,  the  brown  sulphuret  <tf  molyb- 
denum, the  composition  of  which  oonesponds  to  mdlybdio 

acid  (Mo  +  S  J .  Berzehus  describes  their  properties  as  follows : 
Those  which  have  alkaline  sulphurets  and  sulphureta  of  alkaline 
earths  for  a  base  are  soluble  in  water.   The  solution,  when 


oigi  i^cJ  Ly  VjQOQle 


464 


HTDB08ULPHU&1C  ACID, 


neutral;  has  a  line  red  colour ;  if  it  contain  an  excess  of  sulphuret 
of  molybdenum^  it  is  brown;  but  if  the  sulphobase  predominates, 
it  has  a  yellow  or  rusty  colour.  The  sulphomolybdates  may  be 
obtained  in  crystals  wbicb  are  brown  or  of  a  ruby  colour,  or  of 
a  ruby  colour  by  transmitted  light,  and  of  a  fine  grecu  colour 
^milar  to  that  of  the  wings  (elytra)  of  certain  coleoptera  by 
reflected  ligbt.  Adds  precipitate  a  browmsb-black  sulphuret 
of  molybdenum  firom  thii  solution  under  disengagement  of 
sulphuretted  hydrogen.  They  are  decomposed  by  a  dry  distilla- 
tion, the  sulpliobase  sometimes  combining  with  ])art  of  the 
sulphur  of  the  persuiphuret  of  molybdenum,  and  when  water  is 
Bubsequen^y  poured  up<m  this  higher  degree  of  sulphuratiou  of 
the  base,  it  dissolves  it,  and  a  grey  sulphuret'  of  molybdenum 
remains.  At  other  times,  when  the  base  is  not  susceptible  of 
passini^to  a  higher  degree  of  sulphuratiou,  the  sulphur  volatiUses 
and  the  residuum  then  contains  either  a  combination  or  else  only  a 
a  mixture  of  grey  sulphuret  of  molybdenum  with  the  sulphobase. 

*  The  concentrated  neutral  solutions  of  the  sulphomolybdates 
resist  pretty  well  the  action  of  the  air,  but  they  are  very  rapidly 
decomposed  by  exposure  when  they  contain  an  excess  cither  of 
the  sulphobase  or  of  an  oxybase.  The  dilute  solutions  of  the 
neutral  sulphomolybdates  gradually  acquire  a  deeper  cdlonr  by 
exposure ;  a  portion  of  the  base  absorbs  oxygen,  and  is  converted 
into  a  hyposulphite  ;  whilst  at  the  same  time  a  sulphosalt  with 
excess  of  persulphiu-ct  of  molybdenum  is  formed  in  the  Uquor. 
The  latter  salt,  in  course  of  time,  is  also  decomposed,  persulphurct 
of  molybdenum  is  deposited,  the  liquor  becomes  blni^  and  it 
then  contains  the  oxybase  combined  both  with  the  sulphur  adds 
and  with  molybdic  add.  The  blue  colour  of  the  liquor  is  due 
to  the  presence  of  molybdate  of  molybdenum.  This  decomposi- 
tion, howeyer,  progresses  so  slowly  that,  whilst  it  is  going  on, 
the  liquor  dries  up,  and  the  operator  is  several  times  obliged  to 

'  dissolve  the  salt  before  it  is  entirely  decomposed. 

*  Hyfersulpiiomolybdatbs. — These  salts  contain  a  degree 
of  sulphuratiou  of  molybdenum,  in  which  twice  as  much  sulphur 
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is  oontained  as  in  ralphuret  of  molybdeiiuiii  (Mo-|-S^)^  and  to 
which  no  degree  of  oxydisation  of  the  metal  oonrespondB :  all 
these  salts  hare  a  deep-yellow  or  red  colour.  They  rarely  crys> 
tallise.  They  are  insoluble  in  water,  except  those  which  have 
an  alkaline  base,  in  which  cai^o  they  are  sparingly  soluble  in 
cold  water,  but  are  dissolved  by  boiling  wateri  from  which  they 
are  deposited  as  the  liquor  cools.  The  solution  has  a  deep-red 
colour.  The  hypersulphomolybdates  are  decomposed  by  acids, 
sulphuretted  hydrogen  being  disengaged,  and  sulphuret  of 
molybdennm  being  separated  in  the  shape  of  flakes  of  a  fine 
deep-red  colonr. 

*  SuLPHOTUNosTATEs. — Thesc  salts  contain  persulphuret  of 
tungsten,  that  is  to  say,  the  degree  of  snlphnration  which  cor- 
responds to  tongstic  add  (W+S  J.  Those  which  are  soluble 
have  a  yellow  or  red  ookmr.   Thdr  solutions  are  yery  slowly 

decomposed  by  exposure  and  may  be  concentrated  so  as  to 
crystallise  when  evaporated  by  a  gentle  heat  in  contact  with  the 
air.  "When  these  solutions  remain  Bxpoted  for  a  long  time  to 
the  air,  their  colour  becomes  gradually  lighter,  sulphuret  of 
tungsten  and  sulphur  arc  deposited,  and  a  tungstate  and  a 
sulphate  remain  in  solution.  When  the  liquor  contains  an 
excess  of  base,  decomposition  takes  place  very  rapidly. 

*  SuLPHOVANADATES. — Thcsc  salts  coutaiii  the  sulphuret  of 
vanadium  corresponding  to  vanadic  acid  (V4-S3).  Those  which 
have  an  alkaline  sulphobase  for  a  base  are  very  soluble ;  those 
sulphovanadates  of  sulphurets  of  metals  which  produce  alkaline 
earths  are  sparingly  soluble,  and  the  other  sulphovanadates  of 
metallic  sulphurets  are  oiten  insoluble.  They  have  a  deep- 
brown  colour ;  their  aqueous  solution  is  brown,  and  they  are 
precipitated  therefrom  by  alcohol. 

*  SuLPnovANADiTEs. — Thcsc  salts  coutaiu  the  lowest  degree 
of  sulphuration  of  vanadium  (V-l-S,).  The  sulphovanadites  of 
the  ftlk^Ktift  snlphobases  are  soluble  in  water;  their  solution  has 


uiyiii^uo  Ly  Google 


466 


HYDBOSULPHUBIC  ACID. 


a  very  fine  purple  colour  [nearly  as  fine  as  that  produced  by  the 
solutions  of  the  ozynumganates] .  They  are  obtained  by  passing 
a  current  of  su^hnretted  hydrogen  gas  tiurough  a  solntion  d 
vanadite  of  potash.   A  very  small  portion  of  foreign  metallic 

oxyde  is  sufficient  to  iiupaii'  the  beauty  of  the  colour  of  this 
solution. 

*  SuLPHOTELLU&iTSS. — These  salts  contain  a  sulphurct  of 
tellurium  corresponding  to  tellurous  oxyde  (Te+S,).  They 
are  soluble  in  water  when  their  base  is  the  sulphuret  of  a  metal 

of  alkali,  or  of  alkaline  earth.  Their  solutions  are  rapidly 
decompose  d  by  exposure.  Tliese  salts  can  be  kept  for  a  long 
time  in  the  dry  state,  but  the  least  moistiu^e  determines  their 
decompositioni  in  which  case  the  sulphobase  is  oonyerted  into 
a  hyposulphite,  and  sulphuret  of  tellurium  is  deposited.  Meet 
sulphotellurites  may  be  exposed  to  a  red  heat  in  a  closed  vessel 
without  underjjoing  decomposition ;  but  those  wbicli  have  a 
weak  base  ai'c  decomposed  by  a  red  heat,  the  sulphur  being 
expelled  from  the  sulphuret  of  tellurium,  and  the  liberated 
tellurium  subsequently  expels  a  portion  of  the  sulphur  of  the 
sulphobase,  and  there  remains  a  mass  baring  a  metallic  lustre, 
and  which  consists  of  a  metallic  telluride^  and  of  a  metallic 
sulphuret. 

*  SuLPHANTiMONiATBS. — ^These  salts  contain  the  sulphuret  of 
antimony  comsponding  to  antimonic  add  (Sb+S^),  and  which 
is  separated  under  diseii<,'agement  of  sulphuretted  hydrogen  gas 
when  they  are  treated  by  acids.  The  sulphantimoniates, 
the  base  of  whicli  is  an  alkaline  sulphobase,  are  soluble  in  water, 
and  may  be  crystallised.  The  crystals  are  colourless,  or  haye 
a  feeble-yellowish  tinge,  and  do  not  yield  sulphur  by  a  dry 
distillation.  When  submitted  to  a  red  heat  in  closed  vessels, 
and  the  residuum  exposed  to  the  air,  it  falls  into  a  bulky 
powder.    When  the  crystals  are  exposed  for  a  long  time  to  the 

'  air,  they  are  gradually  decomposed,  and  become  superficially  of 
a  reddish-brown  colour,  due  to  a  separation  of  sulphuret  of 
antimony. 
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*  HyposulphaNTImonites. — These  salts  contain  the  ordinary 
•ttiphiuret  of  antimony  at  the  minimnm  of  snlphuration  (Sb + S,). 
They  hwe  not  as  yet  been  artificially  produced,  but  are  fre- 
quently found  crystallised  in  nature,  and  they  form  a  series  of 

sulphosalts,  which,  in  a  technical  and  scientific  point  of  view, 
are  very  important. 

^  SvLPHosTANNATBs. — These  salts  contain  the  sulphuret  of 

tin  corresponding  to  the  peroxyde  of  tin  (Sn  +  S^).  The  sul- 
phostannatcs,  whose  sulphobase  is  a  metal  of  alkali,  or  of 
alkaline  earthy  are  soluble  in  water,  from  which  solution  they 
may  be  precipitated  by  alcohol,  and  then  those  which  have  an 
alkaline  base  assume  an  oily  consistence.  Out  of  the  contact 
of  the  afar  they  may  be  submitted  to  a  red  heat  without  being 
decomposed. 

*  The  sulphurets  of  the  metals,  the  oxydes  of  which  play  the 
part  of  an  add,  are  not  the  only  combinations  of  sulphur  which 
produce  sulphosalts  by  combining  with  the  basic  metallic  sul- 
phurets. Sulphosalts  arc  Ukewise  produced  by  the  combinations 
of  sulphur,  principally  sulphuretted  hydrogen  and  persulphuret 
of  carbon,  with  some  other  bodies. 

*  Berzelius  has  given  the  name  of  mtiphydratet  (hydro- 
sulphurets)  to  the  combinations  which  sulphuretted  hydrogen 
fui  jns  with  the  metallic  sulphobascs'.  The  sulphurets  of  the 
metals  of  alkalies  and  of  alkaline  earths  are  the  only  oues  which 
can  produce  sulphosalts  by  combining  with  sulphuretted 
hydrogen.  These  sulphydrates  (hydrosulphurets)  are  formed  by 
passing  a  current  of  sulphuretted  hydrogen  gas  for  a  long  time 
througli  sulutioiis  of  alkalies  or  of  alkuUuc  earths,  llydro- 
sulphuret  of  ammonia  {sulpUydraie  ammonique),  which  is 
employed  as  a  re-agent,  belongs  therefor^  when  well  prepared, 
to  this  order  of  salts.  The  combinations  of  sulphuretted  hydrogen 
with  the  metallie  sulphurets  of  alkalies,  may  be  exposed  to  a  red 

>  Solplraretted  hydrog^  cwverto  sU  fbe  alkalies  all  the  aartfis,  and  the  oxydm 
of  many  other  metalfl,  into  metaOie  anlphimli,  or,  lAidi  Is  the  aame  thiiig,into  the 
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heat  out  of  the  contact  of  the  air,  without  being  decomposed  ; 
but  hydroBulphuret  of  barium  and  of  strontium  lose  their 
sidpbiiretted  hydrogen  when  tfaos  treated.  Hydmolphniet  of 
calcium  and  ma^esium  (mlpnjdrate  ealeique  ei  magninqtie) 
can  be  obtained  only  in  solution.  The  hydrosulphurcts  have 
much  analogy  with  the  metallic  sulphuret  which  constitutes 
their  basei  and  resemble  it  in  abnost  erery  respect.  Th^  cannot 
be  distinguished  from  each  other  otherwise  than  by  pouring  in 
their  concentrated  solution,  a  neutral  solution,  also  concentrated, 
of  a  salt  of  zinc,  or  of  a  protosalt  of  manganese  or  of  iron  :  in 
both  cases  an  insoluble  metallic  sulphuret  is  formed  j  but  in  the 
first  case  this  formation  is  accompanied  by  a  disengagement  of 
sulphuretted  hydrogen,  which  does  not  take  place  when  the 
experiment  is  pcrl'orined  with  the  solution  of  a  simple  metallic 
sulphuret  of  alkali.  The  solutions  of  hydrosulphurets,  properly 
speaking,  are  coloturless,  but  by  exposure  to  the  air  th^  are 
Tcry  easily  decomposed;  a  portion  of  the  sulphobase  absorbs 
oxygen,  and  is  converted  into  a  hyposulphite,  whilst  the  other 
])()iliou  passes  to  a  higher  degree  of  sulphuration ;  in  effect,  the 
hydrogen  of  the  sulphu  -elted  hydrogen  by  combining  with 
oxygen  forms  water,  whilst  its  sulphur  combines  with  the  sulpho- 
base. It  is  owing  to  this  reaction  that  the  colourless  solutions 
of  hydrosulphurcts  turn  immediately  yellow  by  the  contact  of 
the  air,  which  is  especially  the  case  with  hydrosulphuret  of 
ammonia. 

SuLPHOCARBONATES. — Thcse  sslts  are  produced  by  the 

combinations  of  sulphuret  of  carbon  (C  +  Sg)  with  the  metallic 
sulphobases,  with  which,  however,  it  unites  only  with  difficulty. 
The  salts  of  this  class,  the  base  of  which  is  a  metallic  sulphuret 
of  alkali,  haye  a  yellow  colour  which  is  deeper  than  that  of  lirer 
of  sulphur.  Their  taste  at  first  is  fresh  and  pepper^',  followed 
by  a  hepatic,  disagreeable  flavour.  They  are  decomposed  in  close 
vessels  by  a  red  heat.  The  sulphocarbonates  which  have  a 
metallic  sulphuret  of  alkali  for  a  base,  at  first  fuse,  and  then 
undergo  a  decomposition,  the  result  of  which  is  that  the  metallic 
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sulphobasc  combines  with  a  larger  quantity  of  sulphur,  and 
carbon  is  liberated  ^  The  sulphocarbonateB  which  contain 
sulphmeta  of  the  alkaline  eartha,  or  of  metals  properly  so  called, 
lose  their  snlphnret  of  carbon  when  exposed  to  a  red  heat  in 

closed  vessels.  The  dry  sulphocarbonates  aud  their  concentrated 
solutions  are  not  much  altered  by  exposure,  but  their  dilute 
Bolntions  are  thereby  veiy  rapidly  decomposed ;  th^  are  de- 
composed by  boQing,  even  oat  of  the  contact  of  the  air,  the 
water  being  decomposed,  a  carbona.e  formed,  and  sulphuretted 
hydrogen  disengaged.  The  sulphocarbunutes  which  have  a 
metal  of  alkali  or  of  an  alkaline  earth  for  a  base  arc  soluble  iu 
water ;  the  others  are  insoluble  in  this  menstrunm,  but  dissolve 
more  or  less  largely  into  the  solutions  of  the  soluble  sulpho- 
curbonates.  AVhrri  a  sulphorarbonate,  soluble  in  water,  is 
mixed  with  muriiitic  acid,  a  yellow  oleaginous  body  separates, 
which  is  a  combination  of  sulphuret  of  carbon  with  sulphuretted 
hydrogen*,  and  whidi  results  from  the  decomposition  of  the 
metallic  sulphobase;  the  liquor  at  first  has  a  yellow  milky 
appearand  ,  imd  aft  er  the  lapse  of  a  cerlain  time  the  oleaginous 
body  settles  at  the  boitom. 

*  Besides  the  combinations  of  sulphur  above  alluded  to,  there 
are  several  others,  which  have  also  the  properly  of  forming  sulpho- 
salts  by  uniting  wi^h  the  loctallic  aulphobases.  Several  of  these 
salts,  however,  have  either  not  been  obtained, or  else  have  not  been 
well  examined,  and  therefore  these  properties  cannot  be  treated 
of  here*.   It  maybe  admitted  in  general,  that  an  insoluble 

*  If  WKter  be  ponied  upon  tlio  residuum,  it  dinsulvcs  a  metallic  sulphuret,  which 
contains  three  times  as  macb  solphor  ae  the  ■ulpbobase,  end  carbon  remains  in  the 
form  of  a  black  powder. — Ed. 

*  Ilydrosulphucarljonic  acid  (suijtdt  curLvh>/driquc)  is  soon  decomposed:  it  rcdik'ns 
blue  litmuii  paper,  aau  in  tiie  humid  way  it  expels  carbonic  acid  from  its  eumbiua- 
Ham  wiA  Ihe  nlifiable  beaoB,  for  example,  from  carbonate  of  potash,  with  which  it 
fonas  s  snlplioeMlKnuite,  lelobie  in  water^En. 

*  The  eulphewdto  here  alktded  to  are  the  iuljAopkotpKala  and  mUphophotpkite$, 
ulucli  are  as  yetalmoet  unknown,  the  nlphannUes,  tulphiridaUa,  and  nUpkoplaiinaietj 
&c.,  in  iHiieb  the  affinity  of  the  electr04iegativc  fmlphurct  is  very  weak,  and  tfie 
rulphoboratcf,  mJphoaUlrattn,  fulphotttanateny  and  fttljtfiotuntakUcs,  v,h'n:h  possibly  may 
be  olitniiuMl  in  the  dry  way,  luit  which  water  imniediateljr  converts  into  Ox^salta 
under  diaeugagement  of  sulphuretted  hy  drogen. — £o. 
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metallic  sulphuret,  which  at  the  momeut  of  its  predpitation 
is  easily  dissolved  by  an  excess  o£  hyibroiu^huret  (^anunonia,  is 
capsble  of  forming  a  tufphtmaU,  by  nniting  with  a  metallie 

mJphobase,  This  rule  has,  liowever,  many  exceptions.  The 
solubility  of  a  recently -precipitated  metallic  siilplmret  in  a 
solution  of  potash  indicates  likewise  a  capability  of  forming  a 
sulphosalt  by  uniting  with  a  metallic  sulphobsse.  Ordinarily^ 
the  metallio  snlphnrets  which  are  soluble  in  an  excess  of 
hydrosuljjhuret  of  ammonia  are  likewise  soluble  in  a  solution  of 
potash,  whilbt  all  the  metallic  sulphobases  are  absolutely  insoluble 
in  the  latter  solution,  even  though  the  oxydes  of  their  metals 
are  easily  soluble  therein.  When  a  metallic  sulphuret  is  dis- 
solved in  a  solution  of  potash,  a  portion  of  the  metsl  becomes 
oxydised  at  the  expense  of  the  potash,  and  the  metallic  acid  tlius 
produced  combines  with  the  unreduced  portion  of  the  potash, 
so  as  to  form  a  potash  salt,  whilst  the  potassium  liberated  forms 
a  sulphuret  of  potassium  by  uniting  with  the  sulphur  whose 
metal  has  been  acidified^  and  produces  a  soluble  sulphosalt  with 
the  undccomposcd  portion  of  the  metallic  sulphuret.  The 
solution  in  potash  always  contains,  therefore,  besides  the  sulpho- 
salt which  has  formed,  an  oxysalt  which,  owing  to  its  sparing 
solubility,  often  separates  from  the  liquor.  If  a  dilute  acid  be 
added  to  such  a  solution  of  a  metallic  sulphiu*et  in  a  solution  of 
potash,  the  metallic  sulphuret  is  reprecipitated,  and  there  is  no 
disengagement  of  sulphuretted  hydrogen.  The  add  combines 
then  with  the  potash,  and  the  sulphuret  of  potassium  which  had 
formed  becomes  converted  by  the  metallic  oxyde  into  a  metallic 
Bulphmret  and  potash. 

*  A  few  metallic  sulphurets,  such  as  those  of  arsenic,  of 
antimony,  &c.,  are  also  soluble  in  an  excess  of  a  solution  of 
carbonate  of  potash  or  of  soda  without  carbonic  add  being 
disengaged,  and  the  product  is  the  same  as  in  a  solution  of  pure 
potash.  No  carbonic  acid  is  disengaged,  because  an  acid  cor. 
bonate  of  alkiUi  is  formed.  Ilyposulphuret  of  antimony  {sulfide 
hifpaut'nnoineux)^  liowcver,  dissolves  in  the  solutions  of  carbonate 
of  potash  or  of  soda  only  by  boiliug,  and  the  greatest  portion 
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of  the  sulpLuret  of  antimony^  which  has  been  dissolved  by  the 
sulphuret  of  potasnum  or  of  lodiuin  formed  during  the  operation, 
aepfliates  as  the  liquor  cools,  on  account  of  its  apaiing  aolubility 
in  this  sulphuret,  unless  heat  be  applied. 

*  Most  of  the  salts  soluble  in  water,  which  consist  of  au  dka- 
line  base,  and  of  a  metallic  acid,  susceptible  of  being  converted 
hy  sulphuretted  hydrogen  into  a  metallic  sulphuret  insoluble  in 
water,  are  transformed  into  sulphosalts,  which  remain  dissolved 
in  the  water,  when  a  current  of  sulpliuretted  hydrogen  is  passed 
tliruugh  their  solutions.  If  an  excess  of  dilute  muriatic  acid  be 
added  to  the  solution,  the  insoluble  metidlic  sulphuret  separates, 
and  sulphuretted  hydrogen  is  disengaged. 

*  The  great  importance  to  the  chemical  analyst  of  a  thorough 
knowledge  of  the  behaviour  of  sulphuretted  hydrogen  and  of 
hydrosulphuret  of  ammonia  towards  the  solutions  of  the  diflcrent 
metaUic  oxydes,  induces  me  to  give  here  a  summary  recapitu-  . 
lation  of  the  reactions  which  they  produce. 

CLASS  I. 

*  Metallic  oxydes  which  cannot  be  precipitated  in  the 

STATE  OF  METALLIC  SULPHUHETS  FROM  THEIR  ACID  SOLUTIONS, 
BUT  WHICH  CAN  B£  THUS  PaECIPITATED  FBOM  THEIR  ALKAL1N£ 
solutions  BT  sulphuretted  HYDROGEN  GAS  ;  AND  WHICH  CAN 
BE  THUS  PRECIPITATED  FROK  THEIR  NEUTRAL  OR  PROM  THEIR 
ALKALINE  SOLUTIONS  BY  HYDROSULPHURET  OF  AMMONIA. 

1.  Protoxyde  of  manprancse,  and  also  the  higher  degrees  of 

oj^disation  of  manganese. 

2.  Proto  and  peroxyde  of  iron. 

3.  Oxyde  of  sine 

4.  Owtlc  of  cobalt. 

5.  Oxyde  of  nickel. 

6.  Proto  and  peroxyde  of  uranium 

*  Hydrosulphuret  op  ammonia  precipitates  also  the  follow- 

*  Oxyde  of  Utnianum  is  not  precipitAtotl  from  an  acid  solution  hy  sulpliuretted 
hydxogBO,  but  bydroeulphuret  of  Mnmoni»  precipitates  it  from  such  *  solution. — £j>. 
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ing  metallic  oxydes  from  theii-  neutral  solutions,  not  in  the  state 
of  METALLIC  BL  LPHURETs,  but  in  the  stote  of  OXYDES  ^,  luider 
disengagement  of  sulphuretted  hydrogen : — 

1.  Alumina. 

2.  Glucina. 

3.  Thorina. 

4.  Yttria* 

5.  FMoxyde  of  cerinm. 

6.  Zirconia. 

7.  Titanic  acid. 

8.  Oxvde  of  chromium  ? 

9.  Tantalie  add. 

*  The  Bolntions  of  the  jmre  alkaSea  and  of  the  alkattne  emiht 
are  oonverted  into  metallic  solphnrets  hy  mt^thwrtUed  hydrogen 
gas,  but  the  new  combination  remains  dissolved  either  in  the 
state  of  sulphur et  or  in  that  of  hydrosulphuml.  The  neutral 
solutions  of  the  salts  produced  by  the  alkalies  and  the  alkaline 
earths  are  not  altered  by  either  sulphuretted  hydrogen  or  by 
hydrosulphuret  of  ammonia. 

CLASS  n. 

*  Metallic  oxydes  which  can  be  precipitated  by 
sulphuretted  hydrogen^  from  their  dilute  solutions 
EBNDaaan  acid,  in  the  state  or  metallic  svlphubets. 

1st  section. 

*  Metallic  oiydes  which  can  be  precipitated  in  the  state  of 
metallic  sulphurets,  both  by  sulphuretted  hydbogen,  from 

their  dilute  solutions  rendered  acid ;  and  by  hydrosulfbvret 
OP  ammonia,  from  their  neutral  or  alkaline  solutions,  and  which 
are  insoluble  in  an  excew  qf  i/ie  kUter  re^agent, 

1.  Oiyde  of  cadmium. 

2.  Osydeoflead. 

3.  Oxyde  of  bismuth. 

'  ii^'dratod  oxyde«. 
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i.  Suboxjde  and  protoxyde  of  copper. 

5.  Oxyde  of  silver. 

6.  SoboiTde  and  piotoxyde  of  mercoiy. 

7.  Oiyde  of  paUadiiim. 

8.  Oxvde  of  rhodium. 

9.  Oxyde  of  oumum. 

SECTION. 

*  Metallic  oxydes  which  can  be  precipitated  in  the  state  of 
metallic  snlphurets^  by  svlfhubbttbd  htdboobn^  from  their 
dikiie  mMUnu  rendered  acid,  althongli  often  a  somewhat  long 
lapse  of  time  is  requisite  tor  the  purpose,  bnt  which  cannot  be 

completely  precipitated  from  their  neutral  oh  prom  their 
ALKALINE  SOLUTIONS,  by  citlicr  stUphuTetted  hydrogen,  uor  by 
kjfdrotuj^htret  qf  ammoma,  because  the  sulphurets  of  their 
metals  are  more  or  less  soluble  in  an  excess  of  hydrosulphuret 
of  ammonia,  but  from  which  latter  solution  thev  can  always  be 
precipitated  in  the  state  of  metallic  sulphurets,  by  pouring  a 
dilute  acid  therein. 

1.  Sesquioxyde  and  dentozyde  of  platinum. 

2.  Oxyde  of  iridium. 

3.  Oxyde  of  gold. 

4.  Protoxyde  and  peroxyde  of  tin. 

5.  Oxyde  of  antimony,  antimonious  and  antunonic  acids. 

6.  Protoxyde  and  deutoxyde  of  molybdenum  and  molybdic 

acid. 

7.  Tungstic  acid. 

8.  Oxyde  of  vanadium  and  vanadic  add. 

9.  Telluxous  and  telluric  adds. 

10.  Selcnious  acid. 

11.  Arscnious  and  arsenic  acids. 

*  Properly  speaking,  protoxtds  or  tin  belongs  to  the  first 
section ;  but  as  hydrosulphuret  of  ammonia  always  contains  an 
excess  of  sulphur,  it  is  converted  by  a  large  excess  of  this 

rc-ageut  into  persiilphuret  of  tin,  soluble  in  hydrosulphuret  of 
anmionia  (page  173). 
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*  TuNosTic  ACID  should  not  either  be  placed  in  the  second 

section,  because  its  solution  in  hydrosulpluiret  of  ammonia  is 
almost  the  only  one  in  which  it  can  be  precipitated  in  the  state  of 
sulphuiet  of  tungsten  by  the  dilute  acids,  which  precipitate  of 
sulphuret  of  tungsten  is  not  produced  by  passing  sulphuretted 
hydrogen  through  the  acid  solutions  (page  811). 

*  Neither  can  vanadic  acid  and  oxyde  of  vanadium  be 
precipitated  in  the  state  of  sulphuret  of  vanadium,  from  their 
solution  in  hydrosulphuiet  of  ammmiia,  otherwise  than  by  muri- 
atic add  (page  314). 

*  The  acid  bulutions  of  the  oxydes  which  are  deoxydised  by 
sulphui'etted  hydrogen,  owing  to  which  a  precipitation  of  sulphur 
is  subsequently  determined,  cannot  be  included  among  the 
number  of  the  orjrdes  of  this  class.  Such  is  the  case  with  the 
acid  solutions  of  peroxide  af  tron,  cAromte  ocMfj  Morie  add, 
bromic  acid,  iodic  acid,  and  sulphurous  acid\ 

*  It  is  hardlv  necessary  to  remark  that  the  solutions  of  the 
metallic  chlorides,  bromides,  iodides,  and  fluorides  behave 
towards  sulphuretted  hydrogen  like  their  corresponding  oxydes. 

*  Before  the  blow-pipe,  all  the  sulphurets  deport  themselves 
in  a  characteristic  manner.  Heated  in  the  flame  of  the  blow- 
pipe upon  charcoal^  or  in  a  glass  tube  open  at  both  ends,  they 
all  disengage  sulphurous  add,  the  nunutest  portion  of  which 
may  be  detected  by  its  odour.  When  heated  in  an  open  tub^ 
if  a  moistened  strip  of  brazil  wood  paper  be  held  in  the  upper 
part  of  the  tube,  the  paper  is  bleached,  however  small  tlie  tjunn- 
tity  of  sulphurous  add  disengaged  may  be  (page  i09).  This 
test  should  never  be  omitted,  especially  with  substances  which 
contain  sulphuret  of  antimony,  because  the  feeble  odour  of  the 

*  The  precipitate  produoed  by  sulphuretted  hydrogen  in  the  Mid  aolittioM  of 
theee  eubetanoet  is  allogeither  one  of  iolphar,  tfie  wholo  of  tiio  heaee  gmnaming  in 
eolation.  This  deojqrdiienient  is  pvodneed  by  tiw  hydrogeii  of  die  anlpfaiiietted 
hydrogen  uniting  with  the  oxygen  of  the  enbetence  in  aoitttion  to  form  water,  in 
consequence  of  which  sulphur  is  deposited  as  a  white  or  slightly-yellowish  powder. 
In  this  way  peronid^'  r>f  inm  becomes  conrerted  into  profo.n/rh  of  h-on  :  rhrf>m>r  (u-i>l 
into  green  oxyde  of  dn-omium  ;  bivmic  acid  converts  the  sulphuix  tted  liycirogcii  into 
MuljJiaric  acid,  and  itself  becomes  reduced  into  bromine  ;  iodic  acid  is  reduced  into 
iodine f  and  deutoxyde  of  manganeu  becomes  protoxyde  of  manganese. — £o. 
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oxyde  of  antimony  might  overpower  that  of  the  sulphurous  acid 
then  eTolved^  and  render  it  imperceptible.  Often  also  there  is 
a  snblisiate  of  salphur  at  the  same  time^  but  frequently  also  no 
sulphur  sublimes^  which  ia  often  dependent  upon  the  angle  at 
which  the  tube  is  held  whilst  heated.  The  substances  which 
contain  metallic  sulphurets  behave  like  the  sulphates  towards  a 
bead  of  silicic  acid  and  soda  (page  204).  If,  however,  the 
metal  combined  with  sulphur  were  sudi  as  to  impart  a  colour  to 
this  bead,  another  method  may  be  resorted  to  to  detect  in  an 
absolute  manner,  and  by  means  of  the  blow-pipe,  the  presence 
of  sulphur.  In  such  a  case  the  substance  is  to  be  fused  with 
soda  upon  charcoal,  and  then  deposited  upon  a  piece  of  silver, 
where  it  is  to  be  mmstened ;  if  it  contained  a  metallic  sulphuret, 
the  silver  is  seen  to  have  become  black  or  deep  yellow  at  the 
point  of  contact  (page  204). 

*  When  in  testing  the  metallic  sulphurets  before  the  bloW' 
pyte  the  object  in  view  is  to  detect  the  metal,  it  is  necessary  in 
most  cases  to  expel  the  sulphur  as  completely  as  possible  by 
roasting  the  sulphuret.  To  effect  this,  the  operator  chooses 
iMn  plates  of  the  natural  metallic  sulphuret,  because  the  air  has 
more  action  upon  inch  plates;  and  for  the  same  reason,  pieces 
which  are  in  round  and  thick  masses  should  be  avoided.  At 
first  they  are  only  heated  gently,  so  as  not  to  fuse  them ;  if, 
however,  they  should  fuse,  it  is  best  at  once  to  take  another 
piece;^  or  to  pulveri^  the  fused  mass.  When  the  roasting  has 
been  continued  fi>r  some  timet,  some  sulphurets  can  no  longer 
be  fused ;  and  in  such  cases  a  strong  fire  may  be  given,  in  order 
to  decompose  the  sulphate  which  is  ordinarily  iornied  during 
the  operation.  The  roasting  may  be  very  weU  effected  upon 
charcoal. 

't'  It  is  only  after  the  roasting  has  been  completed  that  the 

reactions  produced  by  the  fluxes  can  be  advantageously  resorted 
to ;  but  when  soda  is  the  flux  to  be  employed  for  cfi'ccting  the 
reduction  of  the  metallic  <njde  produced,  it  is  important  to 
expel  all  the  sulphur  as  much  as  possible,  for  without  this  pre- 
caution metallic  sulphurets  are  produced  which  are  not  so  easily 
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recognised  as  the  metals  themselves,  or  which,  dissolving  in  the 
sulphuret  of  sodium  produced^  are  carried  away  by  the  water 
used  for  washing. 

*  The  metaUic  snlphiuets  aie  fized^  out  of  the  contact  of  the 
air,  when  the  metals  of  which  they  consist  are  not  yohitile.  On 
the  contrary^  the  \  olatile  metals  form  iiiLlallic  sulpliurets  wliieh 
are  volatile  also^  though  not  so  volatile  as  the  metals  themselves. 
Such  is  the  case  with  the  solphurets  of  mercury^  of  anenic,  of 
selenhim. 

*  Exposed  to  a  red  heat  ont  of  the  contact  of  the  ahr,  several 

of  the  higher  degrec^^  of  sulplmi  ation  of  the  metals  lose  part  of 
their  sulphur,  and  are  reduced  to  a  lower  degree  of  sulphuration* 
It  is  difficult,  however,  to  expel  the  excess  of  sulphur  so  com- 
pletely  to  obtain  these  lower  degrees  of  sulphuiation  in  a  pure 
state.  Such  is  the  case  with  the  higher  degrees  of  snlphuratiou 
of  iron,  of  copper,  of  tin  {atirttm  imisivum),  and  of  antimony. 
Calcined  in  the  air,  most  sulpliurets  are  converted  into  oasic 
sulphates.  I  have  indicated  above,  the  deportment  of  the  sul- 
phoealts  under  the  influence  of  a  high  temperature. 

*  The  external  appearance  of  the  metallic  sulphurets  is  very 
similar.  Some  of  tlic^e  found  in  nature  have  a  metpllic  lustre, 
like  tliC  metals  themselves :  others  have  not  this  lustre.  Those 
which  have  been  artificially  produced  in  (he  humid  way,  veiy 
frequently,  and  notwithstanding  the  identity  of  theur  composition, 
have  quite  a  diflTerent  colour  from  those  found  native,  or  ^>  hich 
have  been  prepared  iu  the  dry  way.  For  example,  sulphuret  of 
antimony,  either  native  or  prepared  in  the  dry  way,  has  a  black 
colour  and  a  metallic  lustre,  whilst  the  sulphuret  of  antimony 
obtained  in  the  humid  way  is  red  and  without  lustre.  The 
native  sulphuret  of  mercury,  and  that  prepared  by  subliming,  are 
red,  whilst  the  sulphuret  of  mercury  obtained  in  the  humid  way 
is  black. 

*  Many  of  the  sulphurets  prepared  in  the  humid  way,  espedally 
those  which  are  produced  by  pouring  hydrosulphuret  of  ammonia 

into  neutral  or  alkaline  solutions,  absorb  the  oxvfrcn  of  the  air 
with  an  extreme  facility,  which  is  not  the  case  with  those  found 
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in  nature.  It  is  owing  to  this  that  sulphuret  of  iron^  which  is 
black  at  the  moment  it  is  precipitated^  beoomeB  Teddish-brown 
on  the  filter ;  snlpbnret  of  manganese  becomes  brown^  ftc. 

*  Sulphuretted  hydrogen  is  so  easily  recognised  by  its  odour, 
that  it  is  scarcely  necessary  to  resort  to  other  means  to  detect  its 
presence,  even  in  minute  quantity.  But  it  may  be  recognised 
by  the  precipitate  produced  by  pouring  in  its  solution  one  of  a 
metallic  oxyde  prepared  by  that  of  an  oxyde  of  lead.  It  may 
also  be  recognised  by  the  brown  colour  \\hich  it  imparts  to 
paper  moistened  with  a  solution  of  oxyde  of  lead.  When  the 
presence  of  sulphuretted  hydrogen  is  suspected  in  a  gaseous 
mixture,  a  paper  moistened  with  solution  of  basic  acetate  or 
nitrate  of  lead  will  indicate  it.  Metallic  sulphurets  are  easily 
recognised  hy  the  blow-pipe. 

*  The  presence  of  organic  substances  interferes  less  with 
the  action  of  sulphuretted  hydrogen  and  of  hydrosulphuret  of 
ammonia  than  is  the  case  with  the  other  re-agents ;  a  circum- 
stance which  enhances  their  value,  since  they  can  still  furnish 
precise  and  accurate  results  where  the  other  re-agents  only  yield 
deceptive  indications.  There  are,  however,  certain  organic 
substances  which  being  dissolved  in  water  may  yield,  by  treat- 
ment witb  sulphuretted  hydrogen,  precipitates  which  resemble 
certain  metidlic  sulphurets  prepared  in  the  humid  way. 

6.  HYDROSELBNIC  ACID,  S«+U. 

{St  faiitinttcd  Hydrogen.) 

*  In  the  pure  state,  hydrosclenic  acid  is  a  colourless  gas, 
having  a  very  disagreeable  odour,  which  perfectly  resembles 
that  of  sulphuretted  hydrogen,  but  which  when  present  in  even 
the  minutest  quantity  acts  in  the  most  violent  manner  upon  the 
trachea  and  the  organs  of  respiration  >  This  gas  is  very  easily 
decomposed  by  the  moist  organic  substances,  to  which  a  red 
colour  is  imparted  by  the  reduced  selenium.  This  red  colour  is 
not  only  superficial,  but  it  penetrates  their  interior,  espedaUy 
when  very  porous.    It  seems  to  be  more  soluble  in  water  than 
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sulphuretted  hydrogen.  The  solution  is  colourless,  but  by 
exposure  it  assumes  a  reddish  tinge^  produced  by  a  liberation  of 
selenium;  in  other  respects  it  has  the  greatest  lesemblanoe 
with  the  Aqueous  solution  of  sulphuretted  hydrogen.  It  reddens 

litmus  paper,  and  lias  a  liepalic  taste. 

*  Hydroaelenic  acid  forms  with  the  metaUic  oxydes  com- 
pounds which  are  called  mbtallic  sblskxvbbts.  This  gas 
seems  to  precipitate  the  Tarious  metallic  oxydes  from  their 

solutions  ill  the  same  niuuiiL  i  as  sulj)hurcttcd  hydrogen  does, 
but  the  oxydes  of  iron  np)K  :u  to  be  precipitated  by  hydroselenic 
acid  from  their  neutral  solutions,  when  combined  with  strong 
acids. 

*  The  metallic  seleniurets  have  much  resemhknoe  with  the 

corresponding?  sul])]iiirets,  with  respect  to  their  properties  and 
their  deport nieut  towards  the  re-agents.  This  analogy  extends 
to  those  found  in  nature.  They  differ  from  the  metaUic  sul- 
phurets  and  other  substances,  principally  by  the  phenomena 
which  they  exhibit  before  the  blow-pipe.  When  heated  in 
the  exterior  flame  they  emit  a  very  strong  and  disgusting 
odour  of  decayed  liorse-radiah.  This  odour  is  so  characteristic^ 
that  it  is  sufficient  to  betray  the  least  traces  of  selenium.  With 
the  glass  of  silicic  acid  and  soda  they  present  the  same  reactions 
as  the  metallic  sulphurcts,  tlioiigh  the  red  or  brown  eoU>ur 
which  they  impart  to  this  glass  disappears  more  easily  by  a 
prolonged  insufflation.  When  treated  by  soda  upon  charcoal 
in  the  interior  flame  of  the  Uow-pipe,  and  the  mass,  being 
thrown  upon  a  piece  of  silver,  is  moistened  thereon,  they  leave 
a  black  or  brown  stain  exactly  like  the  metallic  sulphurets. 

*  When  the  mct«'dlic  seleniurets  are  heated  in  a  glass  tube 
open  at  both  ends,  it  is  often  easy,  by  holding  the  tube  at  a 
suitable  angle,  to  sublime  a  portion  of  the  selenium  in  a  state  of 
purity  and  with  a  red  coloiu*,  whilst  the  other  substances  are 
oxydised.  Very  often,  liowever,  in  such  cases  there  is  a  forma* 
tion  of  selenious  acid,  which  is  deposited  in  the  form  of  a  oys- 
talline  net-work  in  the  cooler  portion  of  the  tube.  If  the 
metallic  seleniuret  be  accompanied  by  a  metallic  sulphuret,  it 
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often  occurs  that  by  operating^  as  just  said,  selenium  aloue  is 
sublimed,  whilst  the  sulphur  escapes  in  the  form  of  sulphurous 
add.  Sulphuiet  of  arsenic  sublimes  sometimes,  and  closely 
simulates  tbe  a])pcaranoe  of  selenium ;  but  when  treated  with 

soda  upon  charcoal,  the  odour  of  arsenic  is  evolved. 

*  Hydroselenic  acid  forms  no  sulphosalts  with  the  metallic 
snlphobases,  but  the  metallic  selenibases  produce  sslsnisalts 
by  mixing  with  the  combinations  of  selenium  the  metals  the 

oxydes  of  which  play  the  part  of  acids. 

*  The  minutest  quantities  of  the  metallic  scleniurcts  may  be 
easily  recognised  by  the  odour  which  these  compounds  exhale 
before  the  blow-pipe. 

7.  HYDROTELLURTC  ACID,  Te  +  H. 

[ACIDE  TELLURUTDaiqUE.] 

{IkOmttUd  MfdroffOi,} 

*  Htdbotbuvbic  acid  in  the  pure  state  is  gaseous,  and 

its  odour  resembles  that  of  sulphuretted  hydrogen.  It  reddens 
litmus  paper,  and  is  soluljlc  in  water.  The  solution  is  colour- 
less ;  but  by  exposure  to  the  air,  tellurium  is  deposited  iu  the 
fonn  of  a  brown  powder. 

*  HydroteUuric  acid  forms  with  metallic  ozydes  metallic 
TELLURiDES,  which  appear  to  have  properties  analogous  to 
those  of  the  metallic  sulphurets;  which  analog}^  extends  to  those 
found  iu  the  natural  state.  When,  however,  the  metallic  tel- 
lundes  are  digested  with  nitric  add,  the  tellurium  does  not 
appear  to  require  more  time  to  become  oxydised  or  dissolved 
than  tlic  metal  with  whicli  it  is  combined.  The  solution  often 
very  easily  yields  crystals,  which  are  a  combination  of  the 
metallic  oxyde  with  tellurous  acid. 

*  When  the  metallic  tellurides  are  roasted  in  a  glass  tube  by 
the  flame  of  the  blow-pipb,  a  sublimate  of  tellurious  acid  is 
obtained.  If,  then,  an  odour  of  horse-radish  be  observ  ed,  it  is  a 
proof  that  the  teUuride  contained  some  seleuium. 


Digitized  by  Google 


480 


HTOROCYAKIC  ACID, 


8.  UYDBOCYAiilC  ACID,  CjrUU 
(AM  OgoHli^dHqmy 

*  Hydrocyanic  acid  is  a  hydiadd  with  compound  radical. 
It  is  produced  by  the  combination  of  cyanogen  (carburet  of 
nitrogen)  and  of  hydrogen.  Although,  properly  speaking  it 
belongs  to  the  series  of  organic  substances^  without  which  it 
cannot  be  produced^  yet  its  very  high  importance  demands  that 
we  should  relate  here  the  properties  by  means  of  which  it  can 
be  detected,  and  distinguished  from  other  substances. 

*  In  the  pure  state,  hydrocyanic  add  is  a  colourless,  highly 
volatOe  liquid,  which  has  a  very  strongs  peculiar  odour.  Its 
odour  is  generally  compared  to  that  of  the  distilled  water  of 
bitter  almonds,  in  which  it  exists ;  but  it  is  ftu*  from  being  as 
agreeable.  On  the  contrary,  the  odour  is  unpleasant,  and  when 
the  add  is  pure  it  is  irritating  and  exceedingly  poisonous. 
Pure  hydrocyanic  add  may  be  solidified  by  exposure  to  an 
intense  cold  ;  and  as  it  is  very  volatile,  even  at  a  low  tempera- 
ture, its  evaporation  produces  a  degree  of  cold  sufficient  to 
cause  solidification.  It  is  spontaneously  decomposed,  e?en  out  of 
the  contact  of  the  air ;  the  decomposition  takes  place  sometimes 
rapidly,  sometimes  slowly.  The  add  first  assumes  a  reddish* 
brown  colour,  then  a  deep  broNvn,  and  a  carbonaceous  matter  is 
deposited ;  ammonia  is  formed  at  the  same  time,  which  com- 
bines with  the  undecomposed  portion  of  the  add.  The  anhydrous 
add  is  seldom  prepared,  on  account  of  its  highly  poisonous 
property. 

*  Hydrocyanic  acid  dissolves  easily,  and  in  all  proportions,  in 
water ;  the  solution  exhales  the  odour  of  the  acid,  except  that  it 
is  weaker  in  proportion  to  the  quantity  of  water  with  which  the 
add  is  combined.  It  is  likewise  very  soluble  in  alcohol.  Bodi 
the  aqueous  and  the  alcoholic  solutions  may  be  kept  for  a  long 
time  without  being  decomposed ;  when,  however,  the  liquor  is 
very  concentrated,  it  generally  assumes  a  slightly  brownish  tinge 
after  the  lapBe  of  a  few  montlis. 
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^  Concentrated  MURIATIC  acid  decomposes  the  ooneentrated 
aqueous  hy(lro<7aiiic  acid,  which  in  a  short  time  assumes  the 
form  of  a  erystalline  mass,  which,  aoeofding  to  Pelouze,  is 
composed  of  muriate  of  ammonia  and  of  formic  acid. 

*  SuLPHUBic  ACID  decomposes  hydrocyanic  acid  in  the  same 
way,  but  more  slowly,  and  with  more  difficuhy.  Hydrocyanic 
add  is  thereby  conTcrted  into  sulphate  of  ammonia  and  formic 
acid :  but  when  an  excess  of  undiluted  sulphuric  acid  ha^  been 
employed,  the  formic  acid  is  transformed  into  carbonic  oxyde 
and  water. 

^  HydrocTanic  acid  forms  with  the  metallic  oxydes,  com- 
pounds caUed  metallic  cyanurets  or  cyanides.  When  an 
excess  of  an  alkahue  solution  is  poured  into  aqueous  hydro- 
cyanic acid;  the  odour  of  the  latter  disappears,  and  a  <^]^anide  of 
alkaliaable  metal  is  formed.  The  same  phenomenon  does  not 
take  place  with  the  distilled  water  of  bitter  almonds  and  of  cherry 
lam-el  {jjrunus  lauro-cerasus)^  although  they  coutain  hydrocy- 
anic acid,  because  this  odour  is  not  altogether  dependent  upon 
the  acid,  but  likewise  upon  the  presence  of  an  essential  oil 
{hgdroffuret  qfbenzaUe.) 

*  Hydrocyanic  add  has  a  strong  affinity  for  some  metallic 
oxydes,  or  more  properly  the  cyanogen  of  the  acid  has  a  strong 
affinity  for  certain  metals,  whilst  its  affinity  for  other  metals  is, 
on  the  contrary,  very  weak*  The  solutions  of  several  of  these 
cyanides  are  very  eaaoly  decomposed.  To  this  category  the 
combinations  of  cyanogen  with  the  alkalies  and  with  the  alkaline 
earths  belong.  Although  these  combinations  undergo  no  decom- 
position by  exfiovmte  to  a  red  heat  out  of  the  contact  of  the  air, 
yet  their  aqueous  solutions,  which  have  always  a  reaction  similar 
to  that  of  the  alkalies,  are  easily  decomposed  when  left  exposed 
to  the  air,  or  when  heated  in  open  vessels.  The  result  of  this 
decomposition  is,  that  the  cyanogen  and  the  water  become  reci' 
procally  conrerted  into  ammonia^  and  into  a  formiate  of  alkali.- 
If  the  cyanides  of  the  alkalisable  metal  contain  an  excess  of  alkali, 
calcining  tiansforms  them  also  into  ammonia  and  a  formiate 
of  alkah ;  and  if  the  calcining  is  continued,  the  water  of  the 
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alkali  decomposes  the  latter  salt  into  carbouate  of  alkali  and 
hydrogen  gas. 

*  Several  of  the  oombmations  of  cyanogen  with  the  metals 

properly  so  called,  are  not  decomposed  by  the  strong  acids. 
Such  is  the  case,  for  example,  with  cyanide  of  silver,  cyanide  of 
mercury,  &c.,  which  resist  the  action  of  sulphuric  and  of  tUiric 
aeidK  Most  metallic  cyanides  appear  to  be  deoomposed  by  mu&i- 
ATic  ACID,  by  which  they  are  concerted  into  metallic  chlorides^  and 
which  liberates  the  hydrocyanic  acid,  only  it  is  necessary'  not  to 
employ  an  excess  of  muriatic  acid^  because  in  such  a  case  the 
hydroqranio  acid  wonld  be  decomposed  in  the  manner  above 
mentioned* 

*  Free  hydrocyanic  add  Inay  be  reoogniied  in  its  aqneona 

solution,  both  by  its  peculiar  odour^  and  by  means  of  the  following 

re-agents. 

*  A  solution  of  vvnuLtE  op  silver  prodnces  in  a  solution  of 
pure  hydrocyanic  acid^  an  immediate  white  preeipitate»  which,  by 

8tirrinf»  the  liquor,  is  easily  separated  :  it  is  insoluble  in  dilute 
nitric  acid,  but  soluble  in  free  ammonia.  The  odour  of  the 
hydroc}'anic  acid  disappears  by  the  addition  of  the  solution  of 
silver.  The  precipitate  of  cyanide  of  silver  thus  formed  is  almost 
insoluble  in  water.  When  nitraie  of  iiher  is  precipitated  by  a 
large  excess  of  hydrocyanic  acid,  so  that  the  odour  of  the  acid  is 
strongly  perceptible  in  the  liquid^  the  liquor  filtered  from  the 
precipitated  cyanide  of  silver  assumes  only  an  opaline  tinge  by 
the  addition  of  muriaHe  acid,  and  does  not  produce  any  abun- 
dant precipitate  of  chloride  of  silver.  On  the  contrary,  cyanide 
of  silver  is  not  insoluble  in  an  excess  of  solution  of  nitrate  of 
silver,  which,  however^  if  sufficiently  dilute,  docs  not  appear  to 
dissolve  the  smallest  portion  of  cyanide  of  silver.   Cyanide  of 

>  Cyanide  of  silver  and  cyanide  of  mercury  are  eauly  decomposed  by  mnrislie 
acid  and  by  sul|.hun  ttcd  liydrogcn.  The  latter  is  soluble,  without  decomposition* 
in  nitric  acid  ;  and  acconiing  to  Bcrzclin*?,  if  concentrated  sulphuric  acid  be  ]>oured 
upon  cyanide  of  mercury,  it  swells  into  a  niasa  like  starch  jmste,  evolving  at  the 
•MM  time  a  slight  odour  of  hydrocyanic  acid,  and  if  heat  be  applied,  sulphate  of 
mercory  is  produoed,  the  cyanogen  bang  deoompoeed  at  flie  espenae  of  the  add ; 
MWMWi*  M  Ubantedt  and  eaibonie  and  mlphiirotu  add  are  erohred^En. 
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silver  is  completely  soluble  in  a  solution  of  cyanide  of  potassium, 
bat  dilute  miric  acid  predpitatea  it  from  auch  a  aolution  by 
deoompoeiiig  the  cyanide  of  potaatium.  If  a  aolution  of  nUraie 
of  siher  be  added  to  the  distilled  water  of  bitter  almonds,  or  of 
laurel,  an  opaline  tinge  only  is  generally  produced,  and  a  apn'^^^ 
portion  of  the  hydro<7aiiic  acid  oontained  in  the  liquor  ti  pfe- 
cij^tated  in  the  atate  of  cyanide  of  ailyer.  Thia  effect  is  pro* 
dueed  only  when  a  solution  of  nUraie  of  nher,  to  which  an 
excess  of  ammonia  has  been  added,  is  employed,  so  that  the 
precipitate  produced  is  re-dissolved  by  the  ammonia.  The 
niixture  being  stirred  is  now  to  be  rendered  slightly  add  by 
IKifuring  a  little  nitric  acid  therein,  which  determines  Ihe  entire 
separation  of  all  the  cyanide  of  silver. 

*  Poured  in  a  solution  of  nitrate  of  suboxyde  of  mercury, 
hydrocyanic  acid  immediately  reduces  suboxyde  of  mercury, 
and  metallic  mercury  is  deposited,  whilst  a  protocyanide  of  mer- 
cmy  (cyanmre  mtreurique)  remains  in  solution.  The  distiUed 
water  of  bitter  almonds  determines  also  this  reduction  of  sub- 
oxyde of  mercury. 

*  When  hydrocyanic  acid  is  poured  in  a  solution  of  acetate  or 
comB,  a  yellowiahogreen  pndpitate,  of  protocyanide  of  copper, 
ia  produced,  which  gradually  becomes  more  green,  and  consists 
theu  of  a  mixture  of  subcyaiiide  and  of  protocyauidc  of  copper; 
cyanogen  is  disengaged.  This  precipitate  is  decomposed  and 
dissolved  by  muriatic  acid.  It  is  converted  by  dilute  sulphuric 
acid,  and  also  by  dilute  nitric  acid^  into  white  subcTanide  of  cop- 
per. Analogous  phenomena  are  produced  when  hydrocyanic  acid 
is  poured  in  a  solution  of  protosulphate  of  cofpeu. 

*  A  solution  of  protoxyde  or  of  peroxvde  of  iron  is  not 
altered  by  hydroc^amc  add,  but  if  a  little  alkali  be  added  to  the 
latter  add,  it  invariably  produces  a  predpitate  in  the  solutions  of 
iron  If  the  solution  operated  upon  be  one  of  peroxyde  of 
iron,  perfectly  free  from  protoxyde,  a  precipitate  of  a  pure 

'  The  aUiaU  necees&r^  to  lonu  the  alkaliuo  cyanide  requisite  for  the  production 
of  the  blue  predpiteto  m»j  b*  addad  cMnt  befcn  or  whet  the  iqpplieKtian  of  tiie 
eohitioa  of  the  mU  of  bon.— Sd. 
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reddish-brown  colour  is  produced^  which  is  nothing  else  than 
peroxyde  of  itoa,  and  which  is  perfectly  soluble  in  dilute  muri- 
atic add.  If  the  solution  operated  upon  he  one  of  piotoxyde  of 
iron,  but  containing  peroxyde  of  iron  at  the  same  time,  the  pre- 
cipitiite  produced  has  ordinarily  a  bluish-green  colour.  When 
dilute  muriatic  acid  is  poured  upon  this  green  precipitate,  the 
excess  of  piotoiyde  of  iron,  and  the  peroi^de  of  the  same  metal, 
are  dissolved,  and  there  remains  a  blue  precipitate  (Prussian 
blue),  which  often  requires  a  long  time  to  settle,  and  which 
sometimes  has  a  greenish  tinge 

*  In  order  to  detect  the  presence  of  hydrocyanic  acid  by  the 
production  of  Prussian  blue^  the  best  way  is  to  employ  a  solution 
of  common  protomdpkate  of  Won,  wineh  ha$  been  left  for  a  ehori 
space  of  time  exposed  to  the  contact  of  the  air,  in  order  to  determine 
the  formation  of  a  sufficient  quantity  of  peroxyde  of  iron.  This  is 
the  method  most  usually  resorted  to  for  the  purpose  of  detecting 
hydrocyanic  acid  without  fear  of  error.  The  solutions,  of  the 
cyanides  of  alkalies  are  likewise  oonverted  into  Prussian  blue  by 
a  solution  of  iron  confainiuf/  at  the  same  time  both  protoxyde 
and  peroxyde  of  iron ;  as,  however,  these  solutions  of  cyanides 
generally  contain  an  excess  of  alkali,  it  is  advisable  also  in  this 
case,  after  having  used  the  solution  of  iron,  to  add  a  Uttle  dilute 
muriatic  acid*.   The  solutions  of  other  metallic  cyanides,  for 


'  If  concentrated  or  moderately  strong  muriaUc  acid  be  employed,  the  precipitate 
is  always  of  an  exceedingly  rich  blue  coloiir,  iuaoluble  in  water  and  in  muriatic  acid, 
and  after  being  thoroughly  washed,  aolable  In  oxalie  add  and  in  binoacalala  of 
potMh;  AeodoorofbTdxo^ranieaddiaganeiallj pereepliblaiB thiaaol^^ 

'  The  method  here  described  ia  known  under  tfie  name  <rf  SdnaVa  tail  for  frea 
hydrocyanic  acid  :  it  may  be  thus  recapitulated. 

To  the  solution  guspoctcMl  to  contiun  fn^o  liyJrocyanic  aoid,  add— 

Ist.  A  little  hydrate  of  potasli,  and  stir  Uie  mixture 

2nd.  Some  solution  uf  common  sulphate  of  iron,  wliich  has  been  for  a  short  tiiue 
as^poaed  to  the  air,  and  stir  the  whole  again. 
Srd.  Anaxo0Mof  noiiatieaoid. 

The  bine  predpitate,  inaolnble  in  waler  and  in  nrarialic  aeid,  whieh  will  than  be 
f<ffnied,may  be  considered  aa  a  certain  proof  qftiiBpwBonea  rflydrocyameaddm 

the  orijtinal  Rohition. 

According  to  Mr.  Witting,  (Archiv.  dcr  Pharm.'vi.  112),  the  presence  of  hydro- 
cyaTiie  acid  in  rnw*  of  !nedico-legal  cdienii.stry,  may  be  det<*cted  in  a  certain  manner, 
u»  fuUuw8  : — Xiio  mass  suspected  to  contain  tlie  poison  is  mixed  with  oue-sixUi  of 
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example^  that  of  eyamde  of  mercury  {eyamre  mereurique),  are 
not  precipitated  by  the  soltitiona  of  iron  \  The  hydrocyanio 
acid  contained  in  the  waters  distilled  from  various  vegetables, 
for  example^  from  bitter  almonds,  laurel,  &c.,  may  likewise 
produce  Fnusiaii  blue  by  the  proceas  just  indicated;  but  the 
characteristic  odour  of  these  waters  never  di8q[»pears  vith  the 
formation  of  the  precipitate,  for  the  reason  given  above  (page 
481). 

*  The  solutions  of  the  persalts  of  mercury,  of  lead,  and  the  salts 
of  baiyta,  produce  no  precipitates  in  those  of  hydrocyanic  acid. 

*  The  cyanides  of  the  metals  which  produce  alkalies  and 
alkaline  earths  are  not  decomposed,  as  has  been  said  before,  by 
exposure  to  a  red  heat,  provided  they  be  not  mLxed  with  an 
excess  of  base.  The  combinations  of  cyanogen  with  the  metals, 
properly  so  called,  are  decomposed  in  Tarious  ways  by  exposure 
to  a  high  temperature.  Some,  being  heated  out  of  the  contact 
of  the  air,  are  converted  into  metallic  carburets  under  disen- 
gagement of  nitrogen ;  and  if  the  heat  has  not  been  too  strong, 
these  carburets  are  pyrophoric,  as  is  the  case,  for  example, 
with  the  cyanides  of  lead  and  of  xinc.  Other  metallic  cyamdes, 
when  heated,  disengage  cyanogen,  and  leave  a  residuum  of  the 
pure  metal,  which  is  the  case  with  the  dry  cyamde  of  nlper*, 

alcohol,  and  ouc-fourtb  of  tlm  mixtiue  in  diatilled.  If  hjrdrocjranic  acid  be  present, 
Hmybttinitaatlydetoeled  l^theodirar  ortfMdMlkdp^  A  Ktlie  ewHrtb 
poUMii,1iow«t«r,b  added  tbenCo,  ud  »  aolntioa  eoniisliiig  of  pnvio  and  parehloride 
ofnoi^wliidipvodtioetabliwpfledpiteteofPraMiaiiU  Utile  poiaoni^ghaa  taken 
place  by  cyanide  of  potassium,  of  zinc,  or  other  cyaiddei^  ft  HUle  murialie  add  nut 
be  added  to  the  alcohol  proious  to  dissolving. — Ed. 

*  In  order  to  detect  cyanogen  in  cyanide  of  meiTurif,  by  Schecle's  test  as  above, 
Dr.  Frcsenius  procceils  as  follows  : — The  solution  under  examination  is  to  be  mixed 
with  mui'iatic  acid  and  iron  filings.  Mercurj*  in  tliereby  preci|)itated,  and  hydi*o- 
cjranic  acid  and  protochloride  of  iron  aro  formed,  tlie  latter  partially  j  assinginto  tlie 
•lale  of  perddoride  hj  eontaet  wHh  Ale  air.  An  addition  of  potash,  as  staled  in  tiie 
preoediag  nole^  will  now  pmdnee  linrocgramde  of  potawimn  and  femeofemie  oigrde 
in  the  eointkm,  from  wideli  tiie  flntlMr  addition^  or  an  exoeee  ef  mnriatie  aeid,  will 
precipitate  Prussian  blue.  Cyanide  of  mercur\',  liowever,  is  readily  decomposed  by 
sulj  hu retted  hydrogen,  which  converts  it  into  sulphurct  of  mercury  and  hydrocyanic 
acid  ;  it  is  also  readily  decomposed  by  bydriodic  and  muriatic  aci<ls,  by  whidi  it 
is  tran^tunned  into  an  iodide  or  a  chloride,  and  into  hydrocyanic  acid. — Ed. 

*  If  the  cyanide  of  silver  contains  water,  both  hydrocyanic  acid  and  cyanogen  are 
dieeDgaged,  and  the  t eaWinim  la  a  ndactgre  of  tfrer  and  ehMooalr-En. 
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cyanide  of  mercury ^  Src.  Most  of  them,  on  the  contrary  ,  yield 
cyanogen  and  nitrogen  gases,  and  leave  a  residuum  of  a  mixtiixe 
of  the  reguline  metal  and  of  metaUic  carburet. 

*  Ctahoobn^  wlueh  is  disengaged  in  these  operatioiiay  is 
a  colouiicss  gas,  of  a  pungent  and  peculiar  odour,  difl'cring  from 
that  of  hydrocyanic  add.  It  may  he  condensed  by  pressure 
into  a  colourless  liquid.  When  set  fire  to,  it  bums  with  a 
bluish  flame  tinged  with  red.  It  is  slightly  soluble  in  waterj 
and  the  solution  has  the  same  odour  as  the  gas.  Mercmy 
does  not  absorb  cyanogen  gas,  but  it  is  absorbed  by  the 
solutions  of  the  alkalies^  with  which  it  forms  liquids  of  a  brown 
colour. 

*  The  metallic  cyanides,  like  the  metallic  sulphurets  and 

fluorides,  produce  double  compoimds  by  uniting  with  each 
other.  The  compounds  are  not  formed  in  a  direct  manner  by 
the  combination  of  the  cyanides  of  the  metals,  the  oxydes  of 
which  play  the  part  of  powerful  acids  with  basic  metallie 
cyanides.  The  cyanides  which  principally  combine  with  other 
metallic  cyanides,  are  those  of  iron ;  vet  the  combinations  of 
cyanogen  with  zinc,  cadmium,  manganese,  cobalt,  nickel,  copper 
(especially  the  protoeyamnret  qf  copper),  mercury,  eUoer,  gold, 
platiimm,  paUodkm,  and  trMiiiMi,  produce  double  cyanidesy  also 
by  uniting  with  other  metallic  cyanurets,  principally  with  the 
cyanides  of  the  alkalisable  metals.  Most  of  these  double 
cyanides  may  be  obtained  in  very  distinct  crystals.  The 
ferrous  cyanide  is  a  white  mass  which  rapidly  absorbs  the 
oxygen  of  the  atmosphere,  and  soon  becomes  blue  by  exposure, 
on  accoimt  of  a  formation  of  Prussian  blue.  The  ferric  cyanide 
is  unknown  in  the  state  of  purity:  but  the  double  cyanides, 
which  both  these  cyanides  form  with  oflier  metallic  cyanides, 
are  the  most  important,  and  the  best  known  of  all  these 
combinations. ' 

*  Among  the  metallic  ferrocyanides,  those  which  are  formed 
by  uniting  with  the  cyanides  of  the  metals  of  the  alkalies  or  of 
the  alkaline  earths  are  soluble  in  water;  most  of  those  which 
are  formed  by  the  cyanides  of  the  earthy  metals,  or  of  the  metals 
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properly  so  called,  are  iusoliible  in  tliis  raenstruiun,  and  ordi- 
narily they  are  likewise  insoluble  in  the  free  adds.  The  solutions 
of  FSSROCYANiDS  OF  POTASSIUM,  by  means  of  which  the  pro- 
ductioii  of  the  double  cyanides  is  determined  by  pouring  it  in 
the  solutions  of  the  earths,  and  of  the  metaUic  oxyclcs  projjcrly 
so  called,  is  therefore  an  available  re-agcnt  for  the  detection  of 
tliese  oxydes.  Wherefoie,  in  the  preceding  pages,  in  spealdng 
of  the  behaviour  of  the  re-agents  towards  the  bases,  I  have  fully 
described  the  reactions  produced  by  a  solution  of  fSerrocyanide 
of  potabsiuiii  ill  those  of  the  various  metallic  uxydes.  The 
metalHc  ferrocyanidea  which  have  the  metals  of  the  alkahes  or 
of  the  alkaline  earths  for  a  base,  have  all  a  light-yellow  colour 
when  crystallised.  They  are  only  slowly  decomposed  by  exposure 
to  a  red  heat  out  of  the  contact  of  the  air.  The  ferrous 
cyanide  is  converted  into  carburet  of  iron,  whilst  nitrogen  gas 
is  disengaged^  but  the  cyanide  of  the  alkahne  metal  is  not  decom- 
posed. The  metallic  fenxK^anides  which  have  the  (^anides  of 
the  metals  properly  so  called  for  a  base,  undergo,  by  ejqfiosure 
to  a  red  heat  in  closed  vessels,  a  decomposition,  in  consequence 
of  ^vllich  sometimes  the  metallic  cyanide  is  reduced  to  the  state 
of  metal  which  remains  with  the  carburet  of  iron  formed  at  the 
expense  of  the  cyanide  of  iron,  cyanogen  being  at  the  same 
time  disengaged :  sometimes  also  there  remains  a  double  metallic 
carburet,  and  nitrogen  only  is  disengaged. 

*  The  presence;  of  protocyanide  of  iron  (cyanure  ferreujc)  in 
solutions  of  the  metaUic  ferrocyanides  which  have  the  metals  of 
the  alkalies  or  of  the  alkaline  earths  for  a  base,  cannot  be 
detected  by  the  re-agents  which  are  ordinarily  employed  £ar 
testing  iron.  One  would  expect  that  in  these  solutions  the 
iron  should  behave  in  the  same  manner  as  in  a  solution  of 
protosalt  of  iron,  but  all  the  re-agents  which  have  been  men- 
tioned (pages  88  to  88)  produce  no  change  in  the  solutions  of  the 
metaUic  ferrocyanides,  without  excepting  even  hydrosulphuret 
of  ammonia.  The  free  acids  alone,  principally  if  concentrated, 
produce  in  these  solutions,  especially  with  the  help  of  heat, 
precipitates  which  at  first  are  white,  and  consbt  of  protocyanide 
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of  iron,  but  which  by  the  contact  of  the  air  soon  become  blue, 
aud  converted  into  Prussian  blue.  In  this  reaction  the  metallic 
cyanide  combined  with  the  ierrous  cyanide  is  decomposed,  and 
hydtocysmo  acid  ia  disengaged.  £ven  the  dilate  adds  deter- 
mine this  leaction,  bnt  then  it  is  leas  distinct,  and  a  longer  time 
is  recjiiired  than  when  the  acids  arc  concentrated.  Ordinarily, 
in  >^uch  cases,  when  the  solution  is  very  dilute,  not  the  least 
white  precipitate  is  produced;  but  in  course  of  time  an  iucoa- 
siderable  blue  precipitate  appears.  On  this  aooount  tbe  aohitioii 
of  ferrocyamde  of  potasthm  Is  not  a  very  available  re-agent 
for  the  solutions  of  the  metallic  oxydes  wlicu  these  solutions 
are  add,  for  the  tint  of  the  coloured  precipitates  is  always 
more  or  less  modified  by  the  admixture  of  blue,  from  the 
cause  just  mentioned.  NUrie  add  does  not  in  course  of  time 
produce  any  blue  colour  lu  these  solutions,  but  it  slowly  com- 
municates to  them  a  brown  colour,  because  the  cyanogen  is 
decomposed. 

*  When  the  presence  of  iron  is  desired  to  be  asoertaUied  in  a 
precise  manner  in  the  metallic  ferrocyanides,  it  is  necessary 

either  to  expose  them  for  a  long  time  to  a  red  heat  in  contact 
with  the  airy  by  which  means  the  iron  is  converted  into  pcroxyde 
of  iron,  which  may  then  be  detected  by  the  usual  reagents  after 
haying  dissolyed  it  in  an  add;  or  else  they  are  to  be  treated 
with  hot  fiming  mirie  add,  to  which  muriatic  add  is  subse- 
quently added,  by  which  process  a  solution  of  pcroxyde  of  iron 
is  likewise  obtained ;  or  lastly,  they  may  be  heated  with  sulphuric 
add  until  the  excess  of  this  add  has  nearly  all  evaporated.  The 
solution  of  a  metallic  ferrocyanide  may  also  be  recognised  by  the 
predpitates  which  it  gives  with  the  solutions  of  the  different 
metallic  oxydes,  especially  with  that  of  pcroxyde  of  iron 
(page  90). 

*  Among  the  metallic  feebictanibbs,  for  the  discovery  of 
which  we  are  indebted  to  L.  Gmelin,  those  only  are  soluble  in 
water  whidi  contain  a  cyanide  of  a  metal  of  alkali  or  of  alkaline 

etirth.  Thcv  arc  of  a  red  colour.  Nearly  all  those  wliicb 
contain  metals,  properly  so  called,  are  insoluble,  aud  each  has  a 
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characteristic  colour.  This  fact  has  iuduced  me  in  the  preceding 
pages^  when  explaining  the  behaviour  of  the  bases  towards 
iMgenta,  fully  to  detail  the  reactions  produced  hy  the  ferri- 
eyomde  potoMtwrn  m  the  solutioiis  of  the  various  metallic 
ozydes.  One  might  be  inclined  to  tkiuk  that  the  iron  contained 
in  the  solutions  of  the  metallic  ferriqyanides  would  behave  like 
peroxyde  of  iron,  but  the  usual  re^igents  fail  in  this  respect  as 
oompletelj  as  vith  the  solutions  of  the  metallic  ferrocyanides. 
In  order  to  detect  the  presence  of  iron  in  these  combinations, 
they  must  be  strongly  heated  in  contact  with  the  air,  or  else 
treated  by  fuming  nitric  acid  and  muriatic  acid,  or  by  sulphuric 
acid.  When  treated  by  the  adds^  the  solutions  of  the  metallio 
ferricyanides  become  green,  and  a  smaU  quantity  of  blue  pre- 
cipitate is  deposited  in  course  of  time.  Wherefore,  ferricyanide 
of  potassium  is  in  some  cases  a  test  of  but  little  value,  espe- 
cially when  the  solutions  of  metallic  oxydcs  under  examina- 
tion are  acid.  When  these  combinations  are  heated  out  of  the 
contact  of  the  air,  the  first  impression  of  the  heat  seems  to 
csonvert  them  into  the  corresponding  fcrro cyanides  under 
disengagement  of  cyanogen  and  nitrogen,  and  a  small  quantity 
of  carburet  of  iron  is  left  as  residuum ;  a  stronger  heat  further 
decomposes  these  cyanides  in  the  manner  mentioned  before. 

*  As  to  the  double  cjranides  which  result  firom  the  com- 
bination of  other  metallic  cyanides  with  the  cyanides  of  the 
alkaline  metals,  the  presence  of  the  metal  cannot  be  detected  in 
many  of  them,  when  soluble,  by  means  of  the  usual  re-agents, 
even  sulphuretted  hydrogen  and  hydrosulphuret  of  anunonia. 
According  to  Rammelsberg,  the  metal  of  the  double  cyanides 
of  silver,  mercury,  and  of  cadmium  esjjecially,  may  be  easily 
and  completely  precipitated  in  the  state  of  metallic  sulphurets 
by  the  two  above-named  re-agents;  but  the  double  cyanides 
of  copper,  line,  cobalt,  nickel,  manganese,  cannot  be  thus 
precipitated  at  all,  or,  at  any  rate,  a  certain  lapse  of  time  is 
required,  and  even  then  the  precipitation  is  not  complete. 

*  The  combination  of  cyanogen  and  of  sulphur  with  hydrogen 
produces  hydrosvlfhoctanic  acid.  It  is  a  colourless,  strongly 
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acid  liquid ;  its  odour  is  pungent,  but  does  not  at  all  it^semblt 
that  of  hydrocyanic  add.  This  acid  boils  at  about  the  tern- 
peratnie  of  boiliiig  water. 

*  Hydrosulphocyanie  acid  forma  with  the  metallic  oxydes 
compounds  called  metallic  sulphocyamdes,  amongst  which 
thoae  which  contain  an  alkalisable  metal  arc  soluble  in  water; 
theae  solutiona  are  oolourleasy  and  are  distinguiahed  pm- 
cipally  becaaae,  when  a  aohition  of  peroxyde  of  vetm  » 
poured  in  them,  no  precipitate  is  produced,  but  the  liqoid 
assumes  a  blood-red  tinge  so  deep  in  colour,  even  when  the  | 
smallest  poaaible  quantity  of  peroxyde  of  iron  has  been  used,  that 
the  aolution  of  airLFBOCYANiDB  of  pota88IU1I  may  lightly  be  ' 
looked  upon  as  the  moat  deticate  re-agent  for  the  deteetum  of  , 
the  minutest  traces  of  peroxyde  of  iron.     The  solution  of 
gulphocyanide  qf  poiamum  produces  also  a  vcr^^  distinct  blood- 
red  colour  in  one  of  peroxyde  of  iro%  even  when  hydroanlphaiet 
of  ammonia  fidla  in  tinging  it  black.  The  red  cdour  of  the 
liquor  bears  some  analogy  with  that  produced  by  mixing  the  ; 
solutions  of  peroxyde  of  iron  with  those  of  acetates  or  of 
fonniates,  but  it  ia  much  more  intense.  The  aolution  of  mlf^  ; 
eyamde  tif  poiaumm  produces  no  red  colour  in  those  of  protoiahi 
of  iron  when  they  are  perfectly  free  from  peroxyde  of  iron^  but 
the  red  colour  soon  makes  its  appearance  if  the  liquor  be  left 
exposed  to  the  air ;  wherefore  the  red  coloiu:  of  the  liquid 
disappears  when  trim  filings  are  dn^ped  into  it  and  left  tfaerds 
for  some  time.   The  addition  of  a  small  quantity  of  a  free  add 
does  not  alter  the  blood-red  colour  of  the  liquid ;  the  addition 
of  a  lai'ger  quantity  renders  it  somewhat  lighter.    A  sufl&cient 
quantity  of  niUric  add  destroys  it  completely^  but  only  after 
some  time ;  and  the  addition  of  a  solution  of  perweyie  i^irw 
does  not  restore  it.    OspaHe,  iodk;  phosph(mc  and  anem  sdds 
destroy  also  this  colour,  but  then  it  is  restored  by  the  further 
addition  of  the  solution  of  a  persalt  of  iron.   The  aolution  of 
protochloride  qftm,  or  of  aulphuretted  hydrogen,  destroys  it  veiy 
rapidly,  and  so  does  M^vAuroiis  acid,  but  not  in  the  odd.  The 
red  colour  is  instantly  destroyed  by  ammonia,  and  a  precipitate 
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of  peroxyde  of  iron  is  produced  at  the  same  time.  Uydro- 
flulphuret  of  ammonia  produces  therein  a  black  precipitate  of 
snlphnret  of  iron. 

*  The  solution  of  sulphocyanide  of  potassium  mixed  with  a 
Bolution  of  PROTOXYDE  OF  coppsa,  provided  the  two  liquors  be 
not  too  dilute^  yields  a  black  precipitate  insoluble  in  muriatic 
add.  When  the  two  liqiiora  are  dilate^  a  green  tinge  only  is 
thus  imparted  to  the  mixture,  and  if  to  this  green  liquor  a  httle 
solution  of  protochloride  of  tin  in  dilute  muriatic  acid  be  added, 
a  white  precipitate  of  sulphocyanide  of  copper  is  instantly 
formed.  This  precipitate  being  produced  in  even  yery  dilate 
liquids,  sulphocyanide  of  poianmm  is  therefore  a  usefol  re-agent 
for  the  detection  ui  proto  aud  of  suboxyde  of  copper,  the  latter 
oxydc  being  of  course  precipitated  also  without  addition  of 
protochloride  of  tin.  The  Uack  prec^itate  is  likemae  instantly 
conyerted  into  a  white  one  by  solution  of  protochloride  of  tin, 
and  the  same  effect  is  produced  by  long  standing. 

*  The  sohition  of  sulphocyanide  of  potassium  produces  in 
solution  of  NITRATE  OF  SILVER  E  wlutc  prccipitatc  insoluble 
both  in  dilute  nitric  add  and  in  ammonia. 

*  A  solution  of  nitrats  op  suboxtdb  of  mbbcvet  is  reduced 
by  one  of  sulphocyanide  ol  pulabbium,  as  by  hydrocyanic  acid. 
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SECTION  III. 

SIMPLE  BODIES. 


1.  OXYGEN,  O. 
{Oxifgene.) 

*  OxTOiN  is  a  colourleas  and  inodoiroua  gas,  almost  insoluble 
in  water,  and  which  produces  no  change  in  lime-water,  nor  in 

tincture  of  litmus.  It  is  lica\icr  than  atmospheric  air,  its  spedlio 
gravity  being  1*1026.  That  which  principally  distinguishes  it 
from  other  gases  is  its  property  of  supporting  the  combustion 
of  combustible  bodies  in  a  most  nvid  manner;  wherefore,  when 
a  gUmmering  splinter  is  plunged  in  a  jar  full  of  this  gas  it  is 
immediately  kindled,  and  bums  therein  much  more  vividly  than 
in  atmospheric  air.  Several  gases,  which  cannot  of  themselves 
support  combustion,  acquire  this  property  by  being  mixed  with 
oxygen  gas ;  wherefore,  combustible  bodies  can  bum  in  atmo- 
spheric air. 

*  When  oxygen  gas,  or  substances  which  contain  oxygen  gas, 
such  as  atmospheric  air,  are  mixed  with  hydrogen  gas,  or  with 
gases  in  the  composition  of  which  hydrogen  gas  enters,  such  as 
sulphuretted  hydrogen,  &c.,  and  the  mixture  is  set  fire  to,  a  violent 

detonation  ensues,  accompanied  by  a  diminution  of  the  volume 
of  the  mixed  gases.  As,  in  this  experiment,  one  volume  of 
oxygen  gas  combines  exactly  with  two  volumes  of  hydrogen  gas 
to  produce  water,  it  is  easy  to  determine,  from  the  quantity 
of  gas  which  has  disappeared,  that  of  the  oxygen  which  was 
contained  in  the  mixture. 
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91  HYDROOBN,  B. 
(Eydngime,) 

Hydrogen  is  a  colourless  and  inodorous  gas,  which,  however, 
acquires  a  disagreeable  smell  from  being  mixed  with  small 
portions  of  foreign  substances.  It  may  be  inflamed^  and  bums 
then  with  a  flame  which  is  hardly  visible  by  daylight.  Mixed 
with  oxygen  gas  in  a  glass  jar,  it  burns  with  a  yiolent  explosion 
upon  tlic  mixture  being  inflamed.  The  diminution  of  volume 
which  results  from  this  experiment  may  ser\'e  to  determine  the 
quantity  of  hydrogen  which  was  contained  in  the  mixture,  since 
it  forms  the  two-thirds  of  the  gas  which  has  disappeared. 
Hydrogen  gas  is  the  lightest  of  all  known  substances;  its 
specific  gra^^ty,  compared  to  that  of  atmospheric  air,  being 
only  0  0688. 

8.  NITROGEN,  N. 

(Nttroffhu  or  Azote,) 

*  Nitrogen  is  a  colourless  and  inodorous  gas,  which  is  more 
difficult  to  recognise  than  any  other  gas.  It  cannot  support 
combustion,  in  consequence  of  which  the  ignited  bodies  which 
are  plunged  into  it  are  immediately  extinguished.   It  cannot 

be  inflamed,  a  property  by  m  hich  it  is  distinguished  from  hydro- 
gen gas.  It  does  not  render  lime-water  turbid.  Its  specific 
gravity,  compared  with  that  of  atmospheric  air,  is  0*976.  When 
mixed  with  several  other  gases,  there  is  often  no  other  way  of 
ascertaining  its  presence  than  by  separating  quantitatiyely  the 
other  gases  which  are  mixed  with  it.  The  method  which  has 
been  proposed  for  its  detection,  and  which  consists  in  mixing 
it  with  o^gen  and  hydrogen  gases,  inflaming  the  mixture  by 
the  electric  spark,  and  testing  the  residuum  for  nitric  add  by 
means  of  concentrated  sulphuric  acid  and  solution  of  sulphate 
of  iron,  is  not  applicable,  at  least  with  respect  to  the  gaseous 
mixtures  which  may  be  detonated.  (See  the  second  part  of  this 
Manual). 
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4.  SITLPHUR,  & 

(Soufrf.) 

*  Sulphur  is  solid  at  the  ordinary  temperature.  It  has  a 
ocmchoidal  fracture,  and  a  yellow  colour.  It  is  tranahicept, 
rarelj  transparent,  when  obtained  in  the  eryatalliaed  atate  by 

means  of  certain  solvents,  or  as  found  in  nature.  After  fusion 
and  subsequent  cooling  it  is  transparent,  but  it  soou  becomes 
completely  opaque.  The  sulphur  which  is  precipitated  in  the 
form  of  powder  from  the  solutions  which  contain  sulphmetted 
hydrogen  is  whitish ;  such  is  the  case,  for  example,  witb  the 
sulphur  which  is  precipitated,  by  exposure  to  the  air,  from  a 
solution  of  sulphuretted  hydrogen,  or  from  the  solutions  of  the 
alkaline  aulphurets  to  which  an  acid  is  added.  But  pulverulent 
sulphur  regains  its  usual  yellow  colour  when  precipitated  from 
solutions  which  do  not  contain  sulphuretted  hydro^n,  for 
example,  from  the  solutions  of  the  hyposulphites  to  \vhich  an 
acid  is  added.  Sulphur  is  brittle,  and  when  set  fire  to,  bums 
in  the  air  with  a  blue  flame,  and  emits  the  odour  of  sulphurous 
add.  The  result  of  the  combustion  of  sulphur,  even  in  oxygen. 
gas,  is  always  sulphurous  acid,  and  never  .sulphuric  acid.  The 
specific  gravity  of  sulphur,  compared  to  that  of  water,  is  1-9S. 

Sulphur  begius  to  melt  at  a  temperature  somewhat  higher 
than  boiling  water,  and  in  that  state  it  is  perfectly  Uquid.  If 
the  temperature  be  increased,  it  thickens,  turns  brown  and 
vHscid ;  but  by  lowering  the  temperature  it  again  resumes  its 
fluidity.  If  water  be  poured  upon  sulphur  brought  by  fusion 
to  the  viscid  state,  a  brown  viscid  mass  is  obtained,  which 
requires  a  long  tune  to  become  again  solid,  brittle^  and  yellow. 
If  the  sulphur  which  is  brought  by  fusion  to  the  viscid  state  be 
heated  still  more  strongly,  and  as  much  as  possible  out  of  the  con- 
tact of  the  air,  it  boils,  and  becomes  converted  into  an  orange- 
yellow  gas,  similar  in  point  of  colour  to  the  vapours  of  friming 
nitric  add.  This  gas,  bemg  set  fire  to,  bums  in  the  air  with  a 
blue  flame  like  sulphur,  and  emits  likewise  an  odour  of  suljjiiiu  - 
ous  acid.    Sulphiur  may  easily  be  recognised  by  this  odour,  even 
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when  its  exterior  appearance  is  altogether  concealed  by  other 
subatanoes  with  which  it  may  be  mixed. 

^  If  ralphiur  be  digested  or  boiled  for  a  long  time  with  ordi- 
nary  nitric  acid,  it  dissolves  therein,  because  it  is  thereby 
converted  into  sulphuric  acid.    Its  complete  solution  in  nitric 
acid,  however,  is  vetj  difficult,  and  req;iures  that  the  nitrie 
add  be  fineqnently  renewed.  The  complete  solution  of  solphnr 
is  more  rapid  in  fuming  nitric  acid.   MmiaHe  acid  has  no 
action  upon  sulphur.    A(jua  reffia,  on  the  contrary,  has  more 
action  upon  it  than  nitric  acid  alone.    When  a  current  of 
Morme  gas  is  passed  through  pulverised  sulphur,  it  is  converted 
into  chloride  of  sulphur.   A  solution  of  pure  patagh  dissolves 
sulphur,   especially  by  boiling :   the  solution  contains  then 
sulphuret  of  potassium  and  hyposulphate  of  potash.   A  solution 
of  carbonate  of  potash  likewise  dissolves  sulphur,  and  produces 
the  same  reaction ;  but  the  whole  with  more  difficulty  than  pure 
potash.    Ammonia  has  no  action  upon  sulphur.  When  sulphur 
is  fused  with  a  nitrate  of  fixed  alkali,  a  sulphate  of  alkali  is 
formed. 

6.  SELENIUM,  Se. 

*  Sblskivm  is  solid  and  brittle  at  the  ordinary  temperature ; 

its  fracture  is  conchoidal,  and  has  a  metallic  lustre  ;  its  colour  is 
black  or  dark  grey;  it  is  opaque.  Drawn  into  fine  threads,  it  is 
translucid,  and  of  a  ruby  colour*  Reduced  into  very  fine  powder 
it  is  of  a  yeiy  deep  red  colour.  Separated  by  means  of  sul* 
phmras  acid,  sine,  or  otherwise,  from  a  solution  of  selenious 
acid^  it  forms  a  bulky  powder,  of  a  cinnabar-red  colour.  By 
boiling,  the  powder  becomes  agglomerated  and  black.  The 
specific  gravity  of  selenium  is  4*32. 

*  When  selenium  is  heated,  at  first  it  softens,  then  becomes 
viscid,  and  lastly  it  fuses.  If  heated  more  strongly  still,  and 
as  much  as  possible  out  of  the  contact  of  the  air,  it  boils  and 
evaporates.  The  gas  thus  produced  has  a  yellow  colour,  but 
less  deep  than  that  of  gaseous  sulphur.    In  contact  with  the 


496 


PHOSPHORUS. 


air  it  bums  with  a  blue  flame  when  kindled.  However  small 
the  quantity  may  be,  it  exhales^  when  heated,  an  odonr  of 
decayed  hQne^radish^  vhich  is  highly  characteriaticy  and  by 
which  it  may  be  very  easily  recognised.  Heated  in  contact  with 

the  air,  but  without  making  it  red  hot,  red  fumes  only  are 
eTolved,  which  consist  of  selenium  in  powder ;  but  the  odour  of 
decayed  horse-radish  leqmrea  a  stronger  heat  to  become  , 
perceptible. 

*  Selenium  is  somewhat  difficultly  oxydised,  and  dissolved  by 
nitric  acid,  and  by  aqua  reffia,  but  much  more  easily  than  sulphur  ; 
in  both  cases  selenious  acid  is  formed  without  the  shghtcst  trace 
of  selenic  acid;  [this  action  is  analogous  to  that  on  sulphur]. 
Seleninm  is  not  soluble  in  muruUie  acid.  When  a  current  of 
chlorine  gas  is  passed  over  heated  selenium,  the  result  is  the 
formation  of  either  liquid  chloride  of  selenium,  or  if  the  chlorine 
be  in  more  abundant  quantity,  solid  chloride  of  selenium.  Sele- 
nium is  dissolved^  but  more  difficultly  than  sulphur,  in  a  solution 
of  pure  potash,  with  the  help  of  heat.  If  sulphnret  of  seleninm 
be  boiled  with  a  solution  of  potash,  the  sulphur  is  first  dissolved, 
and  if  there  is  not  a  sufficient  quantity  of  potash  present,  the 
pure  selenium  remains.  When  selenium  is  fused  with  a  nitrate 
offiaBed  alkaU,  a  seleniate  of  alkali  is  produced.  • 

e.  PHOSPHORUS. 

{Photphore.) 

*  At  the  ordinary  temperature  phosphorus  is  solid,  of  a 
white  translucid  colour,  soft  as  wax,  and  heavier  tJian  water. 
Its  specific  gravity  is  1*77.   It  fuses  as  soon  as  the  temperature 

reaches 4-35^  cent.  (95°  Falu  .),  nnd  consequently  in  hot  water, 
lu  close  vessels  it  may  be  volatilised  and  distilled  by  exposure 
to  a  greater  heat.   The  gas  thus  produced  is  colourless. 

*  In  contact  with  the  air,  phosphorus  is  very  easily  inflamed, 
a  slight  firiction  being  often  sufficient  to  determine  this  effect 
In  summer,  when  the  temperature  is  great,  it  often  inflames 
spontaneously,  especially  when  resting  upon  uneven  substances 
(as,  for  example,  upon  coarse  brown  paper),  and  even  in  winter 
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ytsty  trifling  and  often  unforeseen  canaes  aie  auffident  to  deter- 
mine its  inflammation.  It  bums  with  an  intense  flame,  and 
with  a  thick  white  smoke.  It  is  luminons  in  the  dark^  a  property 
which  is  more  distinct  when  plunged  in  nitric  acid,  so  as  to  be 
a  Uttlc  above  the  level  of  the  liquid.  Exposed  to  the  air  it 
emits  white  fames  \ 

*  It  is  dtssolved  more  easUy  than  snlphnr  by  mtric  acid  and 
aqua  regia,  and  is  converted  by  tlicm  into  phosphoric  acid. 
Wlien  a  large  quantity  of  phosphorus  is  digested  or  boiled  for 
a  long  time  in  less  nitric  acid  than  is  necessary  completely  to 
osydise  it,  a  miztnre  of  phoflphotons  and  of  phosphoric  acid  is 
produced.  Fhospboms  is  insoluble  in  muriatic  add.  When 
after  being  previously  heated  it  is  exposed  in  a  current  of  gaseous 
chlorine^  it  inflames,  and  is  thereby  converted  into  solid  per- 
chloride  of  phosphorus,  or  into  liquid  chloride  of  phosphorus, 
according  to  the  quantity  of  chlorine  employed.  Phosphorus  is 
soluble  in  a  solution  of  pure  potash^  with  disengagement  of 
phosphurcttcd  hydrogen  {pkosphiwc  trihydrique).  The  solution 
then  contains  phosphate  and  hypophosphite  of  potash.  When 
however,  after  the  phosphorus  has  completely  dissolved,  the 
whole  is  again  boiled  for  a  long  time  in  an  excess  of  potash,  the 
tiquor  is  found  to  contain  phosphate  of  potash  only ;  for  under 
the  influence  of  the  excess  of  potash,  the  acid  of  the  hypophos- 
phite  is  transformed  into  phosphoric  acid  under  disengagement 
of  hydrogen  gas. 

*  The  combinations  of  phosphoros  with  the  metals  called 
metalUe  phosphurets  are  as  yet  imperfectly  known.  That  with 
potassium,  when  treated  with  water,  yields  phosphuretted 
hydrogen  (phosphure  trihydrique)  and  hypophosphite  of  potash. 
Phosphuret  of  calcium  and  of  barium  behave  in  the  same 
manner  when  they  are  mixed  with  phosphate  of  lime  or  of 
baryta.  They  are  obtained  in  this  state  by  heating  these  earths 
and  treating  them  by  phosphorus.  If  these  combinations  be 
boiled  in  water,  phosphuretted  hydrogen  is  disengaged,  the 

>  TImm  ftmiM  hsTe  a  peenlisr  allisoiioiis  odour,  which  veMnnhlM  Aat  of  anenic. 
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h}^jopliospliite  of  lime  or  of  barji;a  dissolves  in  the  liqiior, 
whilst  the  phosphate  of  lime  or  of  baryta  remains  insoluble. 
The  ccn&bmatioiiB  of  phosphonis  with  the  metals,  pioperiy  so 
eaUed^  behave  in  quite  a  different  manner,  bnt  only  a  small 
number  of  these  compouuds  him  as  yet  been  examined.  The 
combination  of  phosphorus  with  iron  is  insoluble  in  muriatic 
add,  and  dissolves  only  in  nitric  add  or  aqua  r^gia,  during 
which  operation  the  phosphoms  becomes  entirely  converted  into 
phosphoric  add.  Phosphurets  of  copper,  of  nickel,  and  of  cobalt 
behave  iu  the  same  manner. 

7.  CHLORINE. 

(Chhre.) 

*  Pure  chlorine  is  a  gas  of  a  yellowish-green  colour,  which 
may  be  condensed  by  pressure  into  an  oleaginous  Mquid  of  a 
deep  green  colour.  Chlorine  gas  has  a  suffocating  smell.  Tt 
is  lieavicr  tliau  atmospheric  air,  its  specific  gra\ity  beiug  2  17. 
It  may  support  the  combustion  of  several  substances.  By 
nniting  with  a  small  quantity  of  water,  chlorine  forms  a  crystal- 
line combination  of  a  light  yellow  colour ;  it  is  soluble  in  a 
larger  quantity  of  water,  yet  not  in  very  considerable  proportion. 
The  solution  has  tlie  odour  of  gaseous  chlorine,  and  like  tlic 
latter  it  not  only  decolorises  litmus  paper,  but  likewise  it 
destroys  all  vegetable  colours.  It  soon  undergoes  decomposition, 
a  little  muriatic  acid  and  a  soudl  quantity  of  chlorous  add  being 
formed  in  the  liquor. 

*  Mercury  and  most  other  metals  absorb  chlorine,  and  are 
thereby  converted  into  metallic  chlorides.  It  is  absorbed  also 
by  the  solutions  of  the  fixed  alkalies  which  are  thereby  con- 
verted into  metallic  chlorides,  and  into  chlorates  of  alkalies. 
The  same  phenomena  are  produced  by  the  carbonates  of 
alkalies,  but  the  reaction  is  accompanied  by  a  disengagement 
of  carbonic  acid ;  and  by  the  strong  bases,  but  iu  such  a  case 
chlorites  are  formed  instead  of  chlorates,  which  chlorites  remain 
mixed  with  the  metallic  chlorides.  Qxyde  and  a  few  salts  of 
silver  are  likewise  converted  by  chlorine  gas,  with  the  inter* 
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mediary  of  watery  into  chloride  and  into  chlorate  of  silver^ 
wherefore  chlorine  gas,  perfectly  f^eed  from  mniialicacid,  when 

passed  through  a  solution  of  nitrate  of  silver,  always  produces  a 
precipitate  of  chloride  of  silver.  Chlorine  gas  is  absorbed  by 
anummia  with  disengagement  of  nitrogen  gas.  When  chlorine 
gas  is  passed  through  the  solutions  of  the  neutral  ammoniacal 

salts,  chloride  of  nitrogen  is  formed,  an  olcap^inous  Hquid  which 
detonates  iu  the  most  violent  manner  when  slightly  heated^  or 
by  contact  with  combustible  substances. 

8.  BROMINE^  Br. 
(Sr4m.) 

*  At  the  ordinary  temperature  bromine  is  a  liquid  of  a  deep 
reddish -brown  colour,  of  a  peculiar  and  disagreeable  odour 
analogous  to  that  of  chlorine  gas.  It  is  much  heavier  than 
water,  its  specific  gravity  being  2*966.  It  boils  at  about  +50^ 
cent.,  and  is  thereby  converted  into  a  reddish -l)rown  gas.  At  a 
temperature  of — 23°  or  24°  cent,  it  forms  a  crystalline  mass  of  a 
leaden-grey  colour,  which  has  almost  a  metallic  lustre.  It  com- 
bines with  a  small  quantity  of  water  by  which  it  is  transformed 
int;o  a  crystaUine  hydrate.  A  larger  quantity  of  water  dissolves 
it  l)ut  sparingly ;  the  solution  has  a  hyacinth-red  colour.  Like 
chlorine,  bromine  bleaches  litmus  paper,  and  destroys  the  other 
vegetable  colours;  it  behaves  also  like  chlorine  towards  the 
metals,  and  the  solutions  of  the  pure  alkalies,  of  the  carbonates 
of  alkalies,  and  of  other  powerful  bases. 

S.  IODINE,  I. 
(lode,) 

*  At  the  urdmaiT  temperature,  iodine  is  a  solid  crystalline 
body,  of  a  black  [steel-grey]  colour.  It  is  heavier  than  water, 
and  its  odour  is  analogous  to  that  of  chlorine,  but  is  much 
weaker.   It  begins  to  fuse  at  a  temperature  somewhat  above 

that  of  boihng  water ;  and  heated  more  strongly  still,  it  evapo- 
rates.  Gaseous  iodine  has  a  fine  violet-red  colour,  wliich  is  quite 

&  &2 
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duumcterifltic.  Iodine  is  sparingly  soluble  in  water,  but  it  dis- 
solves more  easily  therein  wlien  tlie  water  contains  certain  salts, 

especially  metallic  iodides.  It  does  not  destroy  vcgretable  colours 
so  readily  nor  so  efifectually  by  far  as  chloriue  and  bromine.  It 
combines  with  various  vegetable  substances  (for  example,  with 
starch);  with  which  it  forms  a  blue  compound,  by  means  of  which 
the  minutest  quantities  of  iodine  may  be  detected,  especiaUy 
when  the  iodine  is  dissolved  in  alcohol,  in  which  it  is  very 
soluble.  Iodine  oolouis  the  human  skin  yellow,  but  after  some 
time  the  colour  spontaneously  vanishes  *• 

*  Iodine  behaves  like  chlorine  and  bromine  towards  the 
metals,  and  towards  the  solutions  of  the  pure  alkalies  and  car- 
bonates of  alkalies.  With  ammonia  it  forms  iodide  of  ammonia 
and  iodide  of  nitrogen ;  the  latter  substance  separates  under  the 
form  of  an  insoluble  black  powder,  which  detonates  violently 
by  the  slightest  pressure. 

10.  FLUORINE,  F. 

*  Fluobins  has  ne?er  yet  been  obtained  in  a  state  of  purity, 

n.  CARBON,  G. 

(Ci-trbon*:.) 

*  The  various  species  of  carbon  differ  much  from  each  other 
in  their  aspect  and  properties.  The  purest  carbon  constitutes 
diamond,  which  is  crystallised  and  colourless,  though  found 

sometimes  coloured  also.  Diamond  has  an  extraordinary  bril- 
liaucy,  and  is  harder  than  all  other  bodies.  All  the  other  species 
of  carbon,  which  often  contain  only  very  small  portions  of 
foreign  matter,  are  black,  and  are  either  pulverulent,  or  solid 
and  porous,  but  often  also  they  are  vitreous,  or  evm  crystallised 
(graphite).  All  the  varieties  of  carbon  are  infusible  and  fixed. 
Most  of  them  may  be  burnt  in  the  air,  and  are  thus  converted 

'  Bromine  and  also  nitric  acid  colour  tlie  human  skin  yclluw  likewise,  but  the  colour 
iapormnent  j  that  is,  it  disappears  only  with  the  renewal  of  the  epidermis^  which  is 
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into  carbonic  acid  or  oxyde  of  carbon,  and  often  slight  traces 
of  ashes  only  are  left  as  rcsiduiun.  Diamond,  however,  and 
graphite  lequire  a  vecy  high  temperatiue  to  hurn^  and  their 
combtution  is  aneBted,  in  contact  of  the  air,  aa  soon  as  one 
ceases  to  heat  them,  but  it  continues  in  oxygen  gas. 

*  Most  varieties  of  carbon  are  oxydised  by  boiling  in  nitric 
acid  ;  carhonic  acid  being  farmed,  and  the  result  bdng  a  peculiar 
sdbatance,  known  under  the  name  of  artifidal  tannin,  which  is 
soluble  in  the  excess  of  add,  to  which  it  communicates  a  brown 
colour.  Diamond  and  graphites  are  not  attacked  by  nitric  acid, 
nor  even  hj  aqua  regia.  Chlorine  gas  has  no  action  upon  carbon, 
even  with  application  of  heat ;  neither  is  it  attacked  by  a  solu- 
tion of  pure  potash ;  but  when  fused  with  the  fixed  carbonates 
of  alkalies  it  is  converted  into  carbonic  oxyde,  which  is  disen- 
gaged, and  tlie  residuum  consists  either  of  the  pure  alkali,  or  of 
a  mixture  of  alkali  and  of  charcoal,  if  the  latter  be  in  excess. 
When,  carbon  being  mixed  with  nitrate  of  potash,  heat  is  applied, 
a  detonation  ensues. 

*  Carbon  combines  with  hydrogen  in  a  great  number  of 
different  proportions.  Two  of  these  combinations  are  gaseous, 
and  are  called  quadrihydrocarbon  and  dihydrocarbon  (olefiant 
gas), —  [carhure  tetrahydrique  and  carbure  dihydrique] .  Quadri- 
hydrocarbon,  or  protocarburctted  hydrogen,  bums  when  set  fire 
to  with  a  feeble  blue  flame,  which  is  not  very  luminous.  Wlien 
mixed  with  o^gen,  or  with  atmospheric  air,  and  set  fire  to,  it 
detonates :  in  this  experiment  it  requires  its  own  bulk  of  oxygen 
gas  to  be  converted  completely  into  carbonic  acid.  It  is  not 
decomposed  by  chlorine  gas  in  the  dark,  except  water  be  pre- 
sent ;  under  the  influence  of  light,  chlorine  gas  does  not  react 
iqion  protocarbnretted  hydrogen,  prorided  both  gases  be  dry ; 
fiv  if  water  be  present  an  excess  of  chlorine  gas  converts  it  into 
carbonic  acid  and  mimatic  acid.  Protocarburctted  hydrogen 
can  never  be  obtained  very  pure.  I  shall  fully  indicate  in  the 
second  part  of  this  work  what  process  must  be  adopted  to  firee 
it  ss  much  as  possible  firom  the  other  gases,  which  maybe 
mixed  with  it.    Bicarburetted  hydi  ugen,  or  olefiant  gas  {carbim 
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(iihydrique),  being  »et  tire  to,  burns  with  an  extremely  brilliant 
flame^  and  its  inixtare  with  oxygea  or  ivith  atmoaphehc  air  pro- 
duces a  violent  detonation  when  inflamed.  Three  timea  its 
own  bulk  of  oxygcu  are  required  to  convert  it  completely  into 
carbonic  acid  and  water.  It  combines  with  chlorine  gas^  both 
in  daylight  and  in  the  dark,  and  thus  produces  an  oleaginoui 
hody,  by  which  character  it  is  piinc^ally  distinguished  firom 
tetrahydroguret  of  carbon. 

*  The  other  combinations  of  carbon  and  hydroj^en  are  either 
solid  or  liquid.  Most  of  them  belong  to  that  class  which  are 
called  organic  substances. 

12.  BORON»  B. 
(Bore.) 

*  Boron  is  a  dark-brown  powder  with  a  greenish  tin^c. 
When  exposed  to  a  wliitc  heat  out  of  the  contact  of  the  air,  it 
shrinks,  but  does  not  volatilise.    Heated  in  the  air,  it  bums 
vividly,  and  is  converted  into  boradc  acid,  which,  enveloping 
the,  as  ytl^  luiburnt  portions,  shelters  them  from  the  cuiitLict  of 
the  air.    It  is  promptly  converted  by  nitric  acid  and  aqua  regia 
into  boradc  add,  with  the  help  of  heat.   It  is  converted  by 
chlorine  gas  into  gaseous  chloride  of  boron.   Fused  with  pure 
potash,  it  absorbs  the  oxygen  of  the  water  contained  in  the 
alkali,  and  is  thereby  converted  into  boracic  acid,  hydrogen 
being  at  the  same  time  disengaged.    Fused  with  the  carbonates 
of  the  fixed  alkalies,  it  becomes  oxydised  at  the  expense  of  the 
carbonic  acid^  and  carbon  is  liberated.   Mixed  with  nitrate  of 
potash  and  then  heated,  it  detonates  violently. 

13.  SILICIUM,  Si. 

*  SiuciuM  is  a  deep-brown  powder,  which  externally  resemblei 
boron.    Heated  in  contact  with  the  air,  part  of  it  bums  vividly, 

and  is  converted  into  silicic  ueid,  wliieh  shelters  the  remainder 
irom  the  contact  of  the  air.   During  this  experiment  the  ailicium 
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asaumea  a  ligliter  colour.    The  portiou  M'hick  has  not  burnt  has 
become  so  altered  tliat  it  is  no  longer  snsoeptible  of  being 
oxydiaed  by  the  contact  of  the  air,  or  in  oxygen  gas  even  at 
a  high  temperature.    In  this  state  silicium  can  be  dissolved 
ouly  by  h  mixture  of  nitric  acid  aud  of  hydrofluoric  acid.  When 
silicium  is  mixed  and  heated  with  a  carbonate  of  fixed  alkali,  it 
beoonoes  easily  oxydised  at  a  temperature  helow  white  heat,  a 
silicate  of  alkali  is  formed^  carbonic  oxyde  gas  is  disengaged, 
and  carbon  is  liberated.    Nitrate  of  potash  acts  in  the  like 
manner ;  when  silicium  is  mixed  with  this  salt,  it  is  necessary  to 
expose  it  to  a  white  heat  to  oxydu»  it.   If  a  current  of  chlorine 
gas  be  passed  over  silicium  and  heat  applied,  chloride  of  silicium 
is  formed. 

14.  TANTALUM,  Ta. 

(Tmtale.) 

*  Tantalum  is  a  black  powder,  which,  being  heated  in  con- 
tact with  the  air,  bums,  and  is  converted  into  tantalic  acid.  It 
is  not  attacked  by  nitric  acid,  nor  by  aqua  regia,  nor  by  a  solu- 
tion of  pure  potash.   It  is  soluble  only  in  hydrofluoric  acid, 

with  discngafrcmoiit  of  liydrogen  gas.  Fused  witli  tlio  alkalies 
or  carbonates  of  aikahes  it  is  oxydised.  Its  behav  iour  at  a  high 
temperature  in  contact  with  the  steam  of  water  has  not  been 
examined. 

15.  TELLURIUM,  Te. 

♦  Tbllurium  has  a  metallic  lustre.  Its  colour  resembles 
that  of  silver ;  its  structure  is  very  lamellar  :  it  is  brittle,  easily 
foaible,  and  conducts  electricity  like  the  other  metals,  but  more 
feebly.  When  strongly  heated  out  of  the  contact  of  the  air,  it 
may  be  volatilised ;  heated  in  contact  with  the  air,  it  rapidly 
absorl)s  oxygen  and  is  converted  into  tcllurous  acid,  wliicli  is 
disengaged  in  the  form  of  a  white  smoke.  Vslicn  telluriiun  is 
oxydiaed  upon  charcoal  by  means  of  the  blow-pipe,  the  flame 
aBsomes  a  blue  colour.   Its  specific  gravity  is  6*115.  Tellurium 
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is  very  soluble  in  nitric  acid^  and  in  aqua  regia  its  solution  con- 
tauiB  telloxottft  acid^  which  vety  soon  separates  in  the  state  of 
anhydnms  add  if  the  liqnor  be  not  dihited  with  water^  in  whieU 
case  aqueooB  telliaroos  acid  is  fonned,   Tellmium  is  insoluble 

in  muriatic  acid,  and  in  solution  of  potash.  It  is  not  attacked 
in  the  cold  by  chlorine  gas,  but  with  the  help  of  a  gentle  heat, 
if  there  be  an  excess  of  chlorine,  pefchloride  of  teUurium  (Te 
Cl,)j  and  if  there  be  an  excess  of  teUurium,  chloride  of  tetturium 
(Te  CI),  is  formed.  Metallic  tellurium  does  not  decompose 
water  even  at  a  very  high  heat. 

16.  AJEtSENIC,  As. 

*  Absknic,  prepared  artificiany;,  forms  crusts  having  the  metal- 
lic lustre^  and  sometimes  crystalline  masses  of  a  steel-grey  colour. 

*  The  crystals  can  rcadilv  be  cleaved,  and  the  fracture,  when 
recent,  has  a  very  distinct  metallic  lustre.  The  metal  retains 
its  brilliani^  in  a  dry  atmosphere^  but  moisture  tarnishes  it;  it 
then  absorbs  oxygen,  and  is  converted  into  suboxyde  of  arsenic 
wherefore  metallic  arsenic  often  appears  black,  and  destitute  of 
metallic  lustre.  Put  in  contact  ^vith  water,  with  free  access  of 
the  air,  it  is  gradually  converted  into  arsenious  acid.  It  is  brittle, 
and  may  be  easily  pulverised ;  when  heated  it  is  entirely  vola- 
tilised, without  first  beginning  to  fbse,  and  its  vapour  has  a 
characteristic  odour  of  fjarlic,  by  means  of  uhicli  the  minutest 
traces  of  lu^senic  can  ))e  detected.  Heated  in  contact  with  the 
air,  it  volatilises  in  the  form  of  a  white  smoke,  which  is  arsenious 
add.  At  a  higher  temperature,  or  when  heated  in  oxygen  gas, 
it  bums  with  a  pale  blue  flame.   Its  specific  gravity  is  5*70. 

*  Arsenic  l)einf^  heated  with  nitric  acid  dissolves  therein;  the 
solution  contains  arsenious  acid ;  when  arsenic  is  dissolved  in 
aqua  regia;,  the  solution  contains  arsenic  add.  Arsenic  is  not 
soluble  in  muriatic  add;  but  some  arseniurets,  sudi  as  those  of 
zinc,  dissolve  in  this  acid  with  disengagement  of  arseniu retted 
hydrogen  {arseniure  tri/iydrique),  Mctalhc  arsenic  does  not 
decompose  steam  of  water  even  at  a  high  temperature* 
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17.  CHROMIUM,  Cr. 

*  Metallic  dizoiniam  has  a  greyish<»white  ooloar.  It  it 
brittle,  Teiy  difficult  to  fuse,  and  is  not  magnetic  when  pure. 
It  is  unalterable  iu  the  air,  even  with  the  help  of  heat.  It  is 
often  obtained  in  the  form  of  a  black  powder,  which,  being  heated 
red-hot  in  the  air,  bums,  and  produoea  a  brown  oigrde.  Nitric 
add  or  even  aqua  regia  have  little  or  no  action  upon  it;  but 
hydrofluoric  acid,  especially  with  tlic  liclp  of  heat,  dissolves  it 
under  disengagement  of  hydrogen  gas :  the  solution  contains 
chromic  oxyde.  According  to  Begnaolt,  it  is  diiaolyed  also  hj 
solphnric  add,  with  disengagement  of  hydrogen  gas.  At  a 
high  temperatmre  this  metal  decomposes  water^  and  is  converted 
into  chromic  oxyde,  with  disengagement  of  hydrogen  gas. 

18.  MOLYBDENUM,  Mo. 

*  Molybdenum,  after  fusion,  is  silver- white,  and  may  be 
slightly  flattened  under  the  hammer  before  breaking  to  pieces. 
But  owing  to  its  difficulty  of  fusion  it  has  hitherto  been 
but  raidy  obtained  in  the  melted  state.  It  is  more  readily 
and  generally  obtained  in  the  state  of  a  grey  metallic  powder^ 
which  may  be  polished  by  friction.  It  is  unalterable  in  the 
air,  but  by  exposure  to  a  red  heat  it  is  converted  into  molybdic 
oiyde,  and  by  a  protracted  calcining  it  passes  into  the  state  of 
blue  oxyde,  and  finally  of  molybdic  add.  It  is  not  dissolved  hy 
muriatic  acid,  dilute  sulphuric  add,  and  even  hydrofluoric  acid. 
Concentrated  sulphuric  acid  converts  it  into  u  brown  mass  with 
disengagement  of  sulphurous  add.  It  is  easily  dissolved  by 
nitric  add  and  aqua  r^^  and  converted  by  them  into  molybdic 
add,  provided  a  suffident  quantity  of  there-agent  be  employed; 
if  the  quantity  of  nitric  acid  be  small,  nitrate  of  molybdenum 
only  is  obtained.  At  a  high  temperature,  molybdenum  decom- 
poses steam  of  water  with  disengagement  of  hydrogen  gas,  and 
is  converted  first  into  blue  oi^de  and  then  into  molybdic  add, 
which  evaporates  as  fiut  as  it  is  produced. 
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Id.  TUNGSTEN,  W. 

*  ToNMTEN  in  masses  »  steel-gi  ev,  pretty  brilliant,  very  bard, 
brittle,  nnd  verv  lic.ivv '.  It  has  but  seldom  been  incited,  i 
because  it  is  extremely  difficult  of  fusion.  It  is  more  easily 
procured  in  the  form  of  an  iron-grey  powderj  which,  by  Mction,  ' 
acquires  a  metallic  lustre.  It  is  not  altered  by  exposure  to  the 
air,  but  if  then  brouji^ht  to  a  red  heat  it  absorbs  oxygen  and  is 
transformed  into  tungstic  acid.  Tins  phcuomcuou  takes  place, 
espedally  when  it  is  in  the  state  of  powder,  under  which  form 
the  metal  bums  almost  like  tinder.  Its  behaviour  towards 
acids  at  a  high  temperature  has  not  yet  been  examined :  it 
decomposes  water,  and  is  converted  into  tungstic  acid,  hydrogeu 
gas  being  disengaged. 

^.  YANADIUU,  v. 
(  F!iiiiflcfiiM*) 

*  I\  the  metallic  state  vanadium  has  much  resemblance  to 
molyl)denum.  It  is  uot  quite  so  white  as  silver^  and  is  very 
brilliant,  but  not  uniformly  so.  It  is  not  malleable  in  the  least 
degree.  It  is  not  oxydised  rather  by  the  contact  of  air,  or  of 
water ;  but  by  keeping,  it  gradually  becomes  less  biilliant,  and 
assumes  a  reddish  colour.  It  is  not  dissolved  bv  boiliu*; 
tuiphuric  acid,  muriaiiCf  or  hydrofluoric  acids ;  but  it  is  soluble 
in  fdtrtc  add  and  in  aqua  regia,  the  solution  is  of  a  fine  deep 
blue  colour.  It  is  not  dissolved  by  a  boiling  solution  ot'  hydrate 
of  potash.  At  a  red  heat  it  does  not  decompose  the  carbonates 
of  alkalies,  as  is  the  case  with  silidum  and  drconium.  It  is 
not  reduced  by  metallic  sine  in  the  humid  way  firom  its  add, 
nor  from  its  alkaline  solutions.  Its  behaviour  at  a  high 
temperature  towards  aqueous  steam  is  not  known. 


1  Its  specific  grmvity  is  17*29,  or  wm  17*6.  It  is  Iherefom  one oftfae hmtim 
nwteli^  and  inferior  only  to  pMimm,  goM,  and  ix&diniD.~ED. 
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21.  ANTIMONY,  Sb. 
{A  7itim<rine.) 

*  Antimony  lias  a  white  ooloiir  zesembling  tin,  but  with  a 
tinge  of  blue ;  it  is  veiy  brilliant,  and  has  a  lamellar  texture. 
It  is  brittle,  easily  pulverised,  and  easily  fbsed.    Heated  out 

of  the  contact  of  the  air,  it  is  slightly  volatile  only  at  a  white 
heat.  It  is  not  altered  by  exposure  to  the  air.  Heated  in 
contact  with  the  air  it  remains  red  hot  for  a  long  time  after  the 
application  of  heat  has  been  withdrawn,  and  emits  a  thick  white 
smoke  of  oxyde  of  antimony,  which  is  deposited  at  the  surface 
often  ill  the  form  of  brilliant  crystals.  If  a  small  piece  of 
antimony  be  heated  upon  charcoal  before  the  blow-pipe;,  the 
metallic  bead,  after  having  left  off  smoking,  is  found  covered 
with  a  net-work  of  crystallised  oxyde  of  antimony.  Antimony 
may  be,  in  contact  with  the  air,  completely  volatilised  imdcr 
the  form  of  oxyde  of  autimouy.    Its  specific  gravity  is  6*71. 

*  Antimony  is  easily  oxydised  by  nitric  acid,  but  it  is  not 
dissolved  by  it  because  all  the  degrees  of  oxydisation  of  this 
metal  are  insoluble  in  that  acid.  When  antimony  is  treated  by 
nitric  acid  of  ordinary  strength,  the  greatest  portion  of  it  is 
converted  almost  totally  into  oxyde  of  antimony.  Antimony  is 
scarcely  attacked  by  hot  muriatic  acid,  although  sulphuret  of 
antunony  is  readily  dissolved  by  that  add.  The  best  solvent 
of  antimony  is  aqua  regia,  which  dissolves  it  completely  with 
the  help  of  heat,  and  the  solution  contains  either  oxyde  of 
antimony  alone,  or,  when  the  digestion  has  lasted  for  a  long 
time,  a  certain  quantity  of  antimonious  acid  also.  When 
antimony  contains  much  lead,  its  solution  deposits,  on  cooling, 
spangles  of  chloride  of  lead.  If  the  aqua  regia  solution  of 
antimony  be  supersaturated  with  ammonia,  the  precipitate 
obtained  should  be  completely  soluble  in  hydrosulphuret  of 
ammonia ;  if  a  black  metallic  sulphuret  be  left  behind,  the 
operator  may  conclude  that  the  antimony  contained  iron,  lead, 
or  other  foreign  metals.  If  the  solutiuii  ul  antimony  in  aqua 
regia  be  diluted  with  water,  it  becomes  milky,  which  is  not  the 
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case  when  tartaric  acid  has  been  previously  added  to  it.    If  a 

current  cjf  chlorine  gas  be  passed  over  antimony,  heat  being 
applied  to  the  antimony  without  raising  the  temperature  too 
much,  a  liquid  chloride  of  antimony  is  obtained.  Metallic  anti- 
mony deeompoaea  wat^*  but  at  a  yeiy  bigh  temperature  only ;  it 
la  tiiereby  converted  into  oxy de  of  antimony  with  disengagement 
of  bydrogen  gas. 

22.  TITANIUM,  TL 
(TUam,) 

*  When  titanium  is  in  the  state  of  a  cohering  mass,  it  has  a 
copper-red  colour,  which  is  characteri^itic,  and  has  a  metallic 
lustre.  It  is  likewise  obtained  under  the  form  of  a  black 
powder,  or  rather  of  a  dark  indigo-blue  cokrar,  without 
brilliancy,  but  which,  however,  acquires  by  friction  a  metallic 
lustre  of  a  copper  colour.  Such  as  it  is  found  in  certain  iron 
scories,  titanium  is  in  small  cubic  crystals,  which  are  hard, 
brittle,  almost  infusible  and  fixed;  and  when  heated  in  the  air 
they  become  oxydised  only  superficially  * ;  they  are  not  attacked 
by  muriatic  nor  by  nitric  acids,  nor  by  aqua  regia,  but  when  fused 
by  a  strong  heat,  with  nitrate  of  potash,  they  become  oxydised, 
especially  by  adding  a  little  borax,  or  carbonate  of  soda.  The 
titanium  obtained  in  black  powder,  or  in  the  state  of  thin 
spangles  of  a  copper-red  colour,  is  converted  into  titanic  acid 
by  nitric  iicid,  aqua  rcgia,  and  by  the  influence  of  a  red  heat.  At 
a  low  red  heat,  this  metal  decomposes  water,  and  is  converted 
into  titanic  acid,  with  disengagement  of  hydrogen  gas. 

2S.  TIN,  So. 
(iStaMi.) 

*  Tin  has  a  silver-white  colour.  It  is  soft  and  malleable.  It 
may  be  reduced  into  thin  plates,  and  produces  a  peculiar 

creaking  noise  wlicn  suddenly  bent.  When  i  ubbed,  and  espe- 
cially with  sweaty  lingers,  it  emits  a  rather  disagreeable  smell. 

*  Titanium  is  oxtronK-ly  hard,  and  scratches  iilasx,  sU'ol,  and  evon  agfitf  ;  and  it 
is  insoluble  in  all  acidii,  except  a  mixture  of  nitric  aud  h^drotluoric  acids — iuo. 
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It  is  nearly  as  fiiaible  as  lead.  In  close  yessels  it  cannot  be 
Tolatilised^  m,  at  least,  it  reqiiim  a  very  strong  lieat.  It  is  not 
altered  by  tbe  air  at  the  ordinary  temperature,  but  wben  heated 

it  becomes  covered  with  a  pellicle  of  greyish-white  protoxyde  of 
tin.  When  exposed  to  a  very  gentle  heat,  it  often  acquires  a 
yellowish  tinge.   Its  specific  gravity  is  7*285. 

Tin  is  easily  oxydised  by  nitric  add  with  the  help  of  heat,  but 
the  peroxyde  of  tin  which  is  thus  formed  remains  insoluble. 
Dilute  nitric  acid  may,  however,  in  the  cold,  and  by  carefully 
and  altogether  avoiding  heat,  dissolve  tin  in  a  finely-divided 
state;  protoi^de  of  tin  only  is  then  produced.  Aqna  regia 
rapidly  attacks  tin^  and  powerfully  when  the  metal  is  finely 
divided.  Yet  in  order  to  obtain  it  in  solution,  heat  must  alto- 
gether be  avoided,  and  the  tin  must  be  introduced  into  the  aqua 
regia  by  small  portions  at  a  time.  This  metal  is  dissolved  by 
muriatic  acid  under  disengagement  of  hydrogen  gas,  especially 
when  heat  is  applied,  and  provided  the  acid  be  not  too  dilute ; 
the  solution  does  not,  however,  proceed  very  rapidly,  and  the 
liquor  contfiins  protochloride  of  tin.  Concentrated  sulphuric 
acid  dissolves  tin  under  disengagement  of  sulphurous  acid. 
Hot  dilute  sulphuric  acid  likewise  dissolves  it  under  disengage- 
ment of  hydrogen  gas,  and  the  solution  contains  sulphate  of 
protoxyde  of  tin.  When  a  current  of  ehhrine  gas  is  passed 
over  heated  tin,  liquid  perchloridc  of  tin  is  obtained.  Tin  is 
also  dissolved  by  digestion  in  a  solution  of  pure  potash.  At  a 
hi^  temperature  it  decomposes  water,  and  is  converted  into 
peroxyde  of  tin,  hydrogen  bang  disengaged. 

84.  GOLD,  An. 

(Or.) 

*  Gold  has  a  yellow  characteristic  colour,  which  is  not 
altered  by  eiposure  in  the  air.  Reduced  into  extremely  thin 
leaves  it  has  a  green  colour,  when  viewed  through  transmitted 
light.   When  predpitated  in  the  state  of  very  fine  powder  it  is 

bro>m,  but  its  metallic  lustre  and  yellow  coloui-  can  be  restored 
by  friction.   It  is  one  of  the  heaviest  metals^  its  specific  gravity 
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being  from  19*2  to  19-4.  It  is  soft,  and  very  ductile.  It  may 
be  rendered  hard  by  hammerings  bnt  its  aoftness  is  restored  faj 
exposure  to  a  red  heat,  a  phenomenon  which  several  metab 

have  in  common.  A  somewhat  hig^h  temperature  is  requis^ite 
to  fuse  it,  wliich  must  be  stronger  than  for  silver,  or  even  for 
copper.  The  strongest  heat  that  can  be  produced  doea  not 
volatilise  it\  and  it  is  not  oxydised  by  being  heated  in  contact 

with  the  air. 

*  Qo\d,  even  in  the  hnest  state  of  division,  is  insoluble  in 
nitriCj  in  muriatic,  and  in  sulphuric  acids.  Its  only  solvent  ii 
aqua  regia:  the  solution  contains  perchloiide  of  gold,  and 
imparts  a  purple  colour  to  the  human  skin.   Gold  at  a  high 

temperature  does  not  decompose  water. 

35.  PLATINUM,  PL 

*  Platinum  is  of  a  light  steel-grey  colour.  In  the  state  of  i 
fine  powder  it  is  grey,  and  devoid  of  metaUic  lustre;  yet  if 
spongy  platinum  be  at  all  robbed  with  a  hard  body,  it  imme- 
diately becomes  brilliant.  Its  specific  gravity  is  greater  than 
that  of  any  other  metal:  it  varies  from  21 to  217;  it  is 
harder  than  copper,  and  ductile;  but  less  so  than  gold  and 
silver.  It  cannot  be  fused  in  any  fbmace;  but  when  the 
extremity  of  a  platinum  wire  is  heated  in  the  flame  of  a  spirit- 
lamp,  urged  upon  it  by  a  stream  of  oxygen  gas,  it  may  be 
fused".  It  is  not  oxydised  by  exposure  to  a  red  heat  in 
the  air. 

*  Platinum,  even  when  finely  divided,  is  altogether  insoluble 

*  Wbmi,  however,  ftieed  in  IhB  focos  of  an  ardent  mirmr,  it  is  fpndntSfy  Toia- 
tiliaedy  and  a  piece  ol  iilver  held  a  few  indies  above  it  vmy  be  ^t  bj  ili  ham. 

When  fused,  gold  contracts  in  i-onling  more  tiian  any  other  metal,  and  conld  not  be 
UBcd  for  cAAting.  The  colour  of  gold  becomes  paler  hy  fusion  with  borax,  bol  the 
original  colour  mt\y  he  restored  by  fusion  witli  nitre  or  common  salt, — Ed. 

2  It  may  be  fused  also  moat  readily  by  the  oxy hydrogen  blow-pipe,  and  even  bvan 
inflamed  jet  of  a  mixture  of  atmospheric  air  and  hydrogen.  At  a  very  high  tem- 
perature, produced  by  a  good  furnace,  platinum  becomes  soft,  and  agglomerates  like 
iroD^  ao  fluit  it  can  iiien  be  wdded. — En, 


Digitized  by  Google 


OSMIUIC 


511 


in  all  acids  except  aqua  ixjgia,  and  even  then  heat  must  be 
applied^  and  much  mofe  difficultly  than  is  the  case  with  gold.  The 
solution  contains  perchloride  of  platinum.  When  platinum  is 
combiued  ^itb  certain  metals,  for  example,  witli  silver,  nitric  acid 
may  dissolve  a  small  quantity  of  it.  It  is  attacked  and  incom« 
pletely  o^dised  by  fusion  with  the  pure  alkalies^  and  with  nitrate 
of  potash.   It  does  not  decompose  water  at  any  temperature. 

26.  OSMIUM,  O. 
(Owtimn.) 

^  Osmium  in  the  compact  state  has  a  metallic  lustre.  Ordi- 
narily it  is  obtained  only  in  the  form  of  a  porous  puw  der,  in  which 
case  it  is  black,  vdthout  metallic  brilliancy,  though  it  may  acquire 
it  by  friction  with  a  hard  body.  Its  specific  gravity  is  less  than 
that  of  silyer,  being  about  10.  When  heated  in  closed  vessels 
it  does  not  undergo  any  change  ;  but  as  soon  as  it  is  heated  in 
the  air,  it  immediately  emits  the  characteristic  disaf;:recable  odour 
of  osmic  acid,  into  which  it  is  very  easily  converted.  When  in  a 
fine  state  of  division^  it  may  be  ignited  in  the  air«  and  it  then  con- 
tinues to  be  red  hot  \  According  to  Berzelius,  this  phenome- 
non docs  not  take  place  when  the  luetal  is  more  cohesive,  in 
which  case  the  ignition  ceases  as  soon  as  the  fire  is  withdrawn. 
It  is  not  oigrdised  at  the  ordinary  temperature  of  the  air,  and 
even  at  10(P  cent.  (212^  iEUir.)  it  does  not  yet  emit  the  charac- 
teristic smell  of  osmic  acid. 

*  Osmium  is  dissolved  by  nitric  acid,  by  which  it  is  converted 
into  osmic  acid ;  but  the  solution  is  slow.  When  the  liquor  is 
heated,  the  two  substances  evaporate  together.  Osmium  is  more 
easily  dissolved  by  aqua  regia,  but  this  is  probably  owing  to  the 
greater  concentration  of  the  acid ;  since  osmic  acid  only  is  pro- 
duced, and  not  chloride  of  osmium,  fuming  nitric  acid  is  of  all 
re-agents  that  which  dissolves  osmium  best,  eapedally  with  the 
help  of  heat.  When,  however,  the  metal  has  been  exposed  to  a 
veiy  high  temperature  in  closed  vessels,  it  is  no  longer  soluble  in 

*  The  result  of  thia  combuutiua  is  osmic  acid,  uud  no  residuum  U  left. — £d. 
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adds.  In  order  to  restore  its  solubility^  it  is  necessary  to  fuse 
it  with  nitnte  of  potash  in  a  porcelain  retort^  piovided  with  a 
leceiTer,  to  which  a  tobe  is  adapted^  plunging  in  dilate 

This  retort  must  be  gradually  brought  to  a  white  heat.  Part  of 
the  osmic  acid  which  is  formed  is  then  volatilised,  and  dissolved 
in  the  ammonia ;  another  portion  combines  with  the  potash,  aud 
remains  in  the  letort.  The  residanm  being  now  dinolved  hj 
water,  and  nitric  or  muiiatie  acid  ponied  in  the  liquor,  the 
osmic  acid  may  be  obtained  by  distillation.  When  chlorine  gas 
is  passed  over  osmium,  the  metal  is  not  altered  at  the  ordinar}" 
temperature;  but  when  the  metal  is  heated,  a  portion  is  cou- 
Terted  into  green  protochloride  of  osminmi  and  another  into  red 
perchloride  of  osmium,  ^niese  two  chlorides  are  volatile,  yet  the 
former  more  so  than  the  latter.  "When  steam  of  water  is  pro- 
jected upon  osmium  cxpo.Hcd  to  a  high  temperature,  it  (the 
steam)  is  shghtly  decomposed,  according  to  Hegnault,  but  as  the 
decomposition  vexy  soon  ceases,  it  is  uncertain  whether  it  is 
caused  hy  the  oendum  or  by  any  foreign  snhstanoes  mixed 
with  it. 

d7.  IBmiUU,  It. 

(Iridhm,) 

*  Metallic  iridiimi  has  exactly  the  appearance  of  platinum, 
except  that  it  is  brittle  and  easily  reduced  to  powder It  is  very 
heavy,  though  less  so  than  platinum  and  gold^  its  specific  gravity 
being  18*68.  The  strongest  heat  that  can  be  produced  is  ineffec- 
tual in  ftising  it ;  a  temperature  which  determines  the  fusion  of 
platinum  does  not  even  round  the  edges  of  a  piece  of  iridium. 
When  very  finely  divided,  it  becomes  oxydised  when  left  to  cool 
in  the  air,  and  is  converted  into  oi^de  of  iridium  (IrO,}.  When 
in  more  compact  masses  it  is  less  easily  oxydised.  The  oxyde 

*  This  of  cotme  Tden  onty  to  flie  iridium  obttuned  by  ndoetioii  fram  Ibe  oxyde 
of  the  metal,  by  the  oddnation  of  a  double  chloride  with  carbonate  of  potash, 
washing  the  mass  with  wafrr,  and  then  with  muriatic  acid,  pressing  strongly 
wliilst  yet  damp,  drying  it,  and  reducing  by  a  strong  heat,  by  which  moans  n  roliesive 
maas  may  be  obtained,  which  will  bear  polishing,  but  which  is  reduced  to  jpo«  dcr 
hammering. — Ed. 
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retauna  its  oxygen  at  a  red  heat,  but  it  is  reduced  without  any 
addition  by  augmenting  the  temperature.  If  a  piece  of  metallic 

iridium  be  introduced  in  the  flame  of  a  spirit-lamp,  it  very 
soon  becomes  covered  with  a  vegetation  of  charcoal  similar  to 
that  which  is  formed  on  the  wick  of  a  candle  which  wants 
anufling. 

*  Iridium  is  insoluble  in  nitric  add,  in  muriatic  add,  in  dilute 

sulphuric  acid,  and  even  in  aqua  re^a.  When  combined  with 
a  large  quantity  of  platinum,  it  is  slightly  soluble  in  aqua  regia. 
When  fused  with  bisulphate  of  potash,  it  is  conyerted  into  sesqui- 
oxyde  of  iridium  (Ir, O 3),  but  does  not  dissolve.  The  same  effect 
is  produced  when  strongly  heated  in  the  air  with  pure  potash  or 
carbonate  of  potash.  It  is  likewise  converted  into  scsquioxyde 
of  iridium  when  heated  with  nitrate  of  potash,  but  in  that  case 
the  presence  of  the  air  is  not  necessary.  Iridium  is  converted 
into  bidiloride  of  iridium  {Morure  iridigne,  ttd^),  when,  after 
being  reduced  into  fine  powder,  it  is  carefully  mixed  with  chlo- 
ride of  potassium  or  of  sodium,  and  the  mixture  exposed,  when 
it  begins  to  be  red  hot,  to  the  action  of  a  current  of  chlorine  gas. 

*  Iridium  forms  with  osmium  a  natural  alloy,  in  which  the 
two  metals  are  so  intimately  combined,  that  the  osmium  cannot 
be  dissolved  by  either  nitric  acid  or  aqua  regia.  The  osmium  is 
not  even  oxydiscd  when  the  alloy  is  heated  in  contact  with  the 
air,  or  in  oxygen  gas,  so  that  its  presence  cannot  be  detected  by 
the  odour  of  osmic  acid.  Neither  is  the  alloy  attacked  by  heat- 
in  g  it  in  chlorine  gas.  The  alloy  can  be  decomposed  only  by 
fusing  it  with  carbonate  of  potash,  because  the  two  metals  ai'c 
then  oxydised,  and  after  decomposition  they  may  be  separated 
from  each  other  by  following  the  process  which  will  be  described 
in  the  second  part  of  this  work. 

^  The  odour  of  osmic  add,  which  is  exhaled  when  the  metal  is 
heated  in  the  air,  is  doubtless  an  excellent  means  of  reco«rni.sing 
whether  the  iridium  obtained  contains  any  osmium.  Yet  the 
action  of  gaseous  osmic  add  on  the  alcohoUc  flame  furnishes, 
according  to  BerzeUus,  a  more  delicate  and  more  commodious 
test.  If  a  very  small  piece  of  pure  osmium  be  placed  upon  a  foil  of 
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platiiiiiin^iiear  the  edge,  and  if  the  foil  be  introduced  into  the  flame 
of  borning  alcohol^  so  aa  to  heat  the  metal  well,  and  yet  so  that 
part  of  the  flame  may  freely  rise  above  the  edge,  the  flame  which 

surrounds  the  osmium  suddenly  becomes  extremely  brillijuit, 
like  that  produced  by  the  combustion  of  pure  bicarburettcd 
hydrogen  (okfiani  gaa)*  If  iridium  containing  traces  of  oaminm 
be  treated  in  the  same  nuumer,  the  flame  is  seen  immediatdy  to 
become  brilliant^  though  less  so  than  when  the  experiment  is 
tried  "with  pure  osmium ;  the  brilliancy  of  the  flame  soon 
ceases,  not  because  the  osmium  is  already  expelled,  but  because 
the  two  metals  uniting  together^  form  a  fixed  combination  which 
is  not  susceptible  of  a  higher  degree  of  oxydtsation.  When  the 
platinum  foil  is  introduced  far  enough  in  the  flame  to  place  the 
combination  in  the  interior  part  of  the  flame,  it  is  reduced,  and 
the  metal  may  be  again  inflamed;  as  soon  as  brought  to  the  exte- 
rior part  of  the  flame,  it  becomes  red  hot  for  a  moment^  and  the 
flame  immediately  becomes  brilliant.  It  may  afterwards  be  heated 
white  hot  without  disengaging  the  odour  of  osmic  acid,  and 
without  undergoing  any  furtlier  change.  After  a  new  reduction 
the  same  phenomenon  may  be  re-produced,  and  so  on  in  a  dis* 
tinct  manner,  eren  when  by  heating  the  reduced  metal  it  is  no 
longer  possible. to  detect  the  formation  of  osmic  add  by  its 
odour. 

*  The  action  of  iridium  at  a  high  temperature  upon  water 
has  not  been  examined. 

28.  PALLADIUM,  Pd. 
{Palladium.) 

*  In  the  compact  state,  palladium  resembles  platinum,  but  its 
spedfic  gravity  is  much  less,  being  only  from  11*8  to  11'8.  It  is 
malleable,  and  as  diflicult  to  fuse  as  platinum.  Heated  in  contact 
with  the  air  to  incipient  redness,  it  becomes  tarnished,  and  of  a 
bluish  colour,  but  this  change  does  not  extend  beyond  the  sur- 
£Euse,  and  the  weight  of  the  metal  is  not  sensibly  augmented.  If 
it  be  heated  more  strongly,  and  cooled  rapidly,  it  re-assumes  its 
metallic  state.   When  a  piece  of  metallic  palladium  is  put  in  the 
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interior  ilanie  of  a  spirit-lamp^  it  beoomea  covered  with  a  pretty 
thick  coating  of  a  bbusk  carbonaceous  powder,  which  is  carburet 

of  palladium.  This  phenomenon  is  always  very  distinct  when 
finely-divided  palladium  is  held  in  the  interior  flame  of  a  spirit- 
lamp.  If  the  metal  be  suddenly  withdrawn^  it  soon  becomes 
red-hot  in  the  air  for  two  or  three  minutes,  that  is  to  say,  until 
the  carbon  has  burnt,  after  which  pure  palladium  remains. 

*  Palladium  is  soluble  with  tlic  help  of  hcat^  in  nitric  acid, 
though  with  some  difliculty,  which  properly  diatingnishes  palla- 
dium from  platinum.  The  solution  contains  protochloride  of 
palladium,  and  has  the  same  colour  as  that  of  platinum  in  aqua 
regia.  Palladium  is  not  dissolved  by  muiiatic  acidj  nor  by 
dilute  sulphuric  acid.  Aqua  regia  dissolves  it  much  more  easily 
than  nitric  acid^  yet  the  solution  contains  protochloride  of  palla^ 
dium  only.  By  fusion  with  pure  potash,  or  with  nitrate  of 
potash^  palla^um  is  converted  into  protoxyde  of  palladium,  but 
it  is  thus  much  less  oxydised  than  iridimu,  osmium,  and  rhodium. 
When  a  few  drops  of  an  alcoholic  solution  of  iodine  are  evapo- 
rated upon  palladium  foil,  it  becomes  black,  which  is  not  the 
case  with  platinum :  the  two  metals  may  thus  easily  and  readily 
be  distinguished  firom  each  other. 

*  Water  is  not  decomposed  by  palladium,  even  at  a  white  heat. 

29.  RHODIUM,  R. 

*  Rhodium,  in  the  metallic  state,  forms  a  grey  powder  which 

it  is»  impossible  to  fuse  by  the  strongest  heat,  by  which,  ho\vc\  er, 
it  is  rendered  somewhat  cohesive.  In  that  state  it  is  silver- 
white.  Its  specific  gravity  is  11.  By  exposure  to  ared  heat  in  the 
air,  it  becomes  oxydised,  and  is  converted  into  a  combination  of 
protoxyde  and  peroxyde  of  rhodium*.  At  a  higher  heat  the 
oxvdiscd  metal  is  reduced. 

*  Metallic  rhodium  is  insoluble  in  nitric  acid,  muriatic  acid, 
dilute  sulphuric  add,  and  even  in  aqua  regia.   When,  however. 


*  Protodqrde  of  fliodiiiiii  bas  never  yok  been  kofaited.'^En. 
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it  is  alloyed  with  other  metals,  tor  example^  with  platiuimi, 
it  is  then  soluble  in  aqua  regia ' ;  but  if  the  alloy  contains  much 
rhodium,  a  large  portion  of  the  latter  metal  remains  inadh&ble. 
Rhodium  alloyed  ^^^ith  gold  or  silver,  is  insoluble  in  aqua  regia 
When  rhodium  is  fused  with  bisulphate  of  potai>h,  it  becoiii<- 
oxydiaed  and  dissolved.  It  can  also  be  dissolved  by  fuaioii  with 
phoiqplioric  add  and  the  add  phosphates.  Fused  with  pore  potash, 
or  with  nitrate  of  potash,  it  is  converted  into  peroxyde  of  rho- 
dium. When  mctul lie  rhodium  is  carefully  mixed  with  chloriflf* 
of  potassium  or  of  sodium,  and  the  mixture  is  heatf^!,  and  u 
when  it  begins  to  be  red  hot,  a  current  of  chlorine  gaa  be  passed 
over  it,  it  becomes  converted  into  perchloride  of  rhodium.  If 
the  red-hot  metal  alone  be  exposed  to  the  action  of  a  stream 
chlorine  gas,  the  result  obtained  is  a  mixture  of  proto  and  o^ 
perchloride  of  rhodium. 

The  action  of  rhodium  at  a  high  temperature  upon  water 
has  not  been  examined. 

30.  MERCURY,  Hg. 
{Meromt.) 

*  Mbrcurt  is  distinct  from  all  other  metals,  because  at  the 

ordinary  temperature  of  the  atmosphere  it  is  liquid,  and  so 
much  the  more  so,  as  it  is  purer.  At  a  very  low  temperature, 
about  40°  cent,  below  0,  ( — 10°  Fahr.)  it  congeals,  in  which  state  | 
it  is  malleable  and  soft ;  at  +  360''  cent.  (680^  Fahr.),  it  boils,  and 
is  reduced  into  vapour.  Liquid  mercury  has  the  whiteness  of  tin ; 
it  is  heavier  than  silver,  its  specific  gravity  being  from  1  .'3  r)  to  1  -I  Ck 

*  At  the  ordinary  temperature  of  the  iiir,  mercury  experiences 
no  change.  If  it  be  kept  exposed  for  a  long  time  at  a  hi^ 
temperature,  whidi,  however,  must  not  be  above  its  boiling 
point,  it  becomes  converted  into  peroxyde  of  mercury,  Mliieli,  at  | 
a  higher  temperature  still,  is  reduced^  and  again  returns  to  the 
metallic  state. 

_   I 

'  ^^'lleu  alio^  cil  with  copper,  bismuth,  or  lend,  it  is  Jikewiae  soluble  in  aqioa  repk, 
—  Eu.  I 

*  Rhodium,  alloyed  with  silver  or  with  gold,  is  insoluble  iu  aqua  regia  ;  but  then 
the  sqos  t9fpk  diflidvw  the  gcAd  or  the  ailvar. — Eu, 
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^  MuBiATic  ACID,  even  concentrated,  has  no  action  npon 
mercmy,  eren  with  the  help  of  heat.  Cold  nitric  acid  gradu- 
ally dissolves  it,  and  conyerts  it  into  nitrate  of  snboxyde  of 

inercTirv.   Whcu  nitric  acid  is  boiled  with  an  exccSvS  of  mcrciin\ 
nitrate  of  suboxide  of  mercuiy  only  is  formed,  which  crystallises 
as  the  liquor  cools.   When,  on  the  oontraryj  there  is  an  excess 
of  nitric  acid,  the  mercury  is  dissolved,  and  is  converted  into 
nitrate  of  protoxyde  (pernitrate)  of  mercury.    By  boiling  mer- 
cury with  an  excess  of  aqua  reuia,  it  completely  dissolves,  and 
the  solution  contains  peroxyde  and  perchloride  of  mercury. 
Dilute  suLPBVBic  acid  scarcely  attacks  mercury  in  the  cold,  but 
if  tbe  metal  be  boiled  with  concentrated  sulphuric  acid,  it  is  con- 
verted into  ^(Aid  sulphate  of  peroxyde  of  mercur\',  the  forma- 
tiou  of  which  is  accompauied  by  a  disengagement  of  sulphurous 
add.    If  only  a  small  quantity  of  wiphuric  acid  be  employed, 
and  the  whole  be  heated,  but  not  to  boiling,  sulphate  of  snb- 
oxyde of  mercury  is  produced.   A  current  ot  Llilurinc  gas  directed 
upon  mercury  gently  heated,  trausforms  it  into  perchloride  of 
mercury.   Metallic  mercury,  on  aoconnt  of  its  volatility,  cannot 
decompose  water  at  a  high  temperature. 

31.  SILVER,  Ag. 

(Argent.) 

*  Silver  has  ;i  very  white  colour,  and  a  great  metallic 
lustre.  It  is  very  malleable  aud  a  little  harder  than  gold,  but 
requires  for  fusion  a  less  degree  of  heat.  In  contact  with  the 
air  it  is  not  oxydised  at  any  temperature ;  yet  after  fusion  it 
attracts  the  oxygen  from  the  air,  but  parts  with  it  again  on 
cooUug.    Its  specific  gravity  is  from  10'47  to  10*54. 

*  MuBiATic  ACID,  even  concentrated,  and  though  heat  be 
applied,  attacks  sOver  only  superfidaUy,  and  the  surfiice  is  con- 
verted into  chloride  of  silver ;  the  quantity  of  chloride  of  silver 
thus  formed  is  always  very  feeble.  Silver  is  attacked  by 
NiTaic  ACID,  even  in  the  cold,  and  dissolved  by  it;  the  solution 
contains  oxyde  of  silver.  Very  dilute  sulphuric  acid  has  no 
action  upon  silver,  but  concentrated  sulphuric  add  converts  it 
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with  tlie  help  of  heat  into  siilpliate  of  silver,  under  disengage- 
ment of  sulphurous  acid.  AVhen  silver  is  melted  with  nitrate 
of  potash,  or  with  the  pure  alkalies  in  contact  with  the  air, 
it  is  not  oiydised,  nor  does  it  experience  any  alteration. 

*  When  silyer  is  alloyed  with  more  than  one  quarter  of  §rold, 
the  silver,  which  forms  pai*t  of  the  alloy,  is  not  completely  dis- 
solved by  uitric  acid.  But  if  this  alloy  be  melted  with  more 
■ilver,  80  that  the  gold  forma  only  one  quarter  part  of  it,  then 
the  gold  and  the  nlver  may  he  completely  separated  hy  means 
<]i  nitrie  acid, 

*  At  a  white  heat  silver  may  decompose  water,  with  disengage- 
ment of  hydrogen  gas ;  it  absorbs  the  oxygen  of  the  water, 
but  it  abandons  it  on  cooUng,  and  metallic  silver  remams. 

52.  COPPER,  Cu. 
(Ouivrt.) 

*  Copper  has  a  red  colour,  which  is  characteristii^  and  much 

metallic  lustre.  It  is  very  malleable,  and  harder  but  lighter 
than  silver.  Its  specific  gravity  is  from  8*66  to  8*72.  It 
fuses  at  about  the  same  temperature  as  gold,  but  somewhat 
lower.  At  the  ordinary  temperature  it  is  not  sensibly  altered 
by  a  dry  atmosphere ;  and  when  in  contact  at  the  same  time 
with  aii"  and  water,  the  oxydisation  produced  is  very  slight. 
Heated  red  hot,  in  contact  with  the  air,  it  is  oxydised;  it 
becomes  then  covered  with  a  black  crust  of  protoiyde  of  copper, 
which  on  cooling  may  be  easily  detached. 

*  Pure  metallic  copper  is  insoluble  in  mitriatic  aci©  out  of 
the  contact  of  the  air,  even  with  the  help  of  heat,  which,  how- 
ever, dissolves  a  slight  portion  of  it  when  the  experiment  is 
performed  in  the  open  air;  ordinarily,  the  solution  then  con- 
tains suhchloride  of  copper.  Copper  is  easily  dissolved  by 
NITRIC  ACID  ;  the  solution  ci)ntains  protoxyde  of  copper.  \ery 
dilute  suLFHUAic  ACID  docs  not  attack  copper,  but  concentrated 
su^hurie  acid  converts  it,  with  the  help  of  heat,  into  sulphate 
of  protoxyde  of  copper,  the  formation  of  which  is  accompanied 
by  a  diseiigsigement  of  sulphurous  add.    Copper,  heated  in 
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an  atmosphere  of  chi«o&in'e  q\s,  is  converted  into  a  mixture  of 
lubchloride  and  of  protochloiide  of  copper. 

'I*  At  a  white  heat,  copper  decomposes  water  with  disengage- 
ment of  hydrogen  gas,  and  formation  ol'  protoxyde  of  copper  j 
but  the  decomposition  is  very  weak  and  slow. 

33.  URANIUM,  U. 

*  Metallic  vbanium  is  but  little  known.   According  to 

Arfwedson,  when  obtained  by  reducing  the  sesquioxyde  of 
uranium  by  means  of  hydrogen  gas,  it  forms  a  powder  of  a 
dnnamon-colomr,  which  has  no  metallic  lustre.  When  it  has 
been  obtained  hj  reduction  £rom  the  potassio-chioride  of 
uranium  by  hydrogen  gas,  it  may  be  obtained  in  octahedral 
crystals  of  a  dark  grey  colour,  and  with  a  metallic  brilliancy, 
which^  when  examined  by  daylight  with  a  magnifying-glass, 
appear  transparent^  and  of  a  dark-brown  colour. 

*  Uranium  is  insoluble  both  in  mueiatic  and  in  sulphuric 
ACIDS,  even  when  concentrated.  Nitric  acid,  on  the  contrary, 
dissolves  it  easily,  and  the  solution  contains  sesquioxyde  of 
uraniims. 

*  At  a  dark-red  heat,  metallic  uranium  decomposes  water« 
with  disengagement  of  hydrogen  gas,  and  formation  of  prot- 
oxyde  of  uranium ;  but  the  decomposition  is  very  slow. 


To  the  French  edition  the  following  remarks  have  been  added 
by  B.  Pehgot  :— 

"The  above-described  properties  belong  to  protoxydc  of 
nranimn  (U  O) ;  it  is  known  that  until  lately  the  latter  com- 
pound had  been  mistaken  for  the  metal.  By  treating  a  mix- 
ture of  this  oxyde  and  of  charcoal  at  a  red  heat  by  chlorine 

gas,  carbonic  oxyde  and  a  volatile  cliloridc  of  uranium  are 
obtained,  which  being  decomposed  by  potassium,  yields  metallic 
uranium.'' 

♦  "  Uranium  thus  prepared  forms  a  black  powder,  which  may 
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be  kept  in  contact  with  the  air  for  some  considerable  time 

witliout  being  ux.\  (Used  ;  but  when  heated  it  bums  with  a  light 
which  is  remarkable  for  its  brilliancy  and  whiteness.  A  few 
particles  of  this  metal  are  soffident  to  charactense  it,  for  by 
projecting  them  in  the  flame  of  a  wax-candle,  brilliant  aparka 
are  thns  produced  which  no  other  metal  can  form  nnder  the 
same  circumstances." 

*  "  Uranium,  at  the  ordinary  temperature,  does  not  decompose 
water;  it  dissolves  in  the  dilate  acid  with  disengagement  of 
hydrogen ;  the  solutions  are  green  when  the  add  has  not  acted 
as  an  oxydisiag  agent,  and  possess  the  properties  which  were 
attributed  to  the  salts  of  protoxyde  of  uranium." 

*  "  With  NITRIC  ACID  a  yellow  solution  of  nitrate  of  peroxyde 
of  uranium  is  obtained.'' 

*  ''This  metal  combines  with  chlorine  with  disengagement 
of  heat  and  light,  and  the  product  is  a  green  protochloride  of 
uranium.*' 

"  It  combines  likewise  with  sulphur  with  disengagement  of 
light." 


34.  BISMUTH,  Bi. 
(BitmnUk,) 

*  Metallic  bismuth  is  of  a  reddish  silver-white  colour;  this 
reddish  tinge  distinguishes  it  from  antimony,  which  it  very 
much  resembles  with  respect  to  its  very  lamellar  structure,  its 
fragility,  and  the  ease  with  which  it  may  be  pulverised.  It  is 
more  fusible  than  lead,  and  may  be  volatilised  in  dose  vessels, 
although  a  very  great  heat  is  necessary  to  effect  this.  It  is  not 
altered  by  exposure  to  cither  damp  or  dry  air.  In  contact 
with  water  it  becomes  here  and  there  slowly  converted  into 
oxyde  and  into  hydrate  of  bismuth;  the  rest  of  the  surface  of 
the  metal  presents  a  reddish-brown,  and  then  a  violet-blue 
colour.  Heated  to  fusiuu  in  tlie  open  air,  it  beconies  covered 
with  a  grey  peliiele  of  oxyde  of  bismuth.  At  a  white  heat,  it 
iguiti  and  burns  witli  a  bluish-white  flame,  and  becomes  con- 
verted into  oxyde  of  bismuth.   When  a  small  piece  of  bismuth 
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is  heated  upon  charcoal  by  means  of  the  blow-pipe^  the  charcoal 
receivea  a  yellow  coating  of  oiyde  of  bismuth.  The  specific 
gravity  of  bismuth  is  9*88. 

*  Siamuth,  heated  with  muriatio  acid,  is  dissolved  by  it,  but 
Avitli  great  difficulty,  and  s})aringly,  hydrogen  being  disengaged 
at  the  same  time.    This  metal  is  soluble  in  niteic  acid  at  the 
ordinal^  temperature,  and  the  solution  contains  oxyde  of 
biamuth.   When  pulTerised  bismuth  is  treated  by  fuming  niirie 
acid,  the  reaction  is  so  violent  that  the  metal  becomes  red  hot. 
Sulphuric  acid  acts  upon  bismuth^  but  the  help  of  heat  is 
necseasary,  and  it  must  be  concentrated ;  it  is  thus  converted  into 
sulphate  of  bismuth  with  disengagement  of  sulphurous  acid. 
A  current  of  chloeine  gas  passed  over  heated  bismuth  converts 
it  into  chloride  of  bismuth,  which,  at  a  high  temperature,  is 
volatile.    At  a  white  heat  bismuth  decomposes  water  with 
disengagement  of  hydrogen  gas,  and  formation  of  a  little  oxyde 
of  bismuth,  but  the  decomposition  is  veiy  slow. 

85.  LEAD,  n. 

{Plomb.) 

^  liBAD  has  a  grey  colour  and  much  biilliancy ;  it  stains 
paper,  and  is  very  soft.   Its  specific  gravity  is  1 1*445 ;  it  is  there- 
fore heavier  than  silver:  it  begins  to  fuse  at  about  +280^  cent. 
(5;5('/  Fahr.);  heated  in  contact  with  the  air  it  begins  to  volatilise 
at  a  low  red  heat,  but  in  closed  vessels  a  white  heat  is  reqiiired 
to  volatihse  it.   It  is  not  altered  by  exposure  to  dry  air,  but  in 
damp  atmosphere  it  becomes  slightly  oxydised,  its  smrftuie 
becomes  dull,  grey,  and  sometimes  iridescent.    Plunged  in 
distilled  water  with  the  contact  of  the  air,  but  sheltered  from 
the  influence    oarbonic  add,  white  spangles  of  hydrate  of  lead 
only  are  produced  according  to  Bonsdorff.    To  obtain  this 
effect,  however,  it  is  necessary  that  the  water  should  be  perfectly 
pure,  for  the  least  quantity  of  salts  or  of  foreign  su])i5t:inces 
prevents  the  formation  of  the  hydrate.   The  nitrates  form  the 
only  exception,  for  their  presence  does  not  prevent  the  formation 
of  the  hydrate  of  lead,  unless  they  be  in  veiy  large  quantily; 
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wherefore  metallic  lead  may  be  resorted  to  as  a  test  of  the 

purity  of  "^ater.  In  effect,  when  fine  recently-prepared  leatl 
filings  are  thrown  into  a  tumbler  full  of  water,  in  two  or  three 
minutes  a  small  cloud  of  hydrate  of  lead  will  appear  if  the  water 
be  pure  ;  whilst,  in  the  contrary  case,  no  tnrbidness  is  produced. 
If  metallic  lead  be  put  in  contact  with  water  and  with  ordinary' 
atmospheric  air  containing  cai'bonic  acid,  a  little  hydrate  of 
lead  is  at  first  formed,  but  a  combination  of  hydrated  carbonate 
of  lead  is  soon  deposited  in  the  form  of  thin  white  spangles, 
having  a  waxy  appearance.  If  metallic  lead  be  left  in  contact 
with  air  and  water  for  several  months,  or  for  several  years, 
deutoxyde  of  lead  may  be  formed, 

*  When  lead  is  heated  in  the  air,  but  not  so  strongly  as  to 
fuse  it,  it  becomes  covered  with  a  black  pellicle;  and  if  heated 
in  the  air  until  it  fines,  the  above  pelliole  assumes  a  brownisb- 
yellow  colour. 

*  Lead  is  insoluble  in  cold  muriatic  acid,  and  even  with  the 
apphcation  of  heat  it  is  but  little  attacked.  It  is  completely 
dissolved  by  nitric  acid  ;  the  solution  contains  protoxyde  of 
lead.  SuLPHFRic  acid  acts  upon  lead  only  with  the  help  of  heat, 
and  in  the  concentrated  state,  by  which  it  is  converted  into 
sulphate  of  lead.  When  lead  is  heated  in  chlorine  gas,  it 
becomes  transformed  into  chloride  of  lead.  At  a  white  heat, 
lead  decomposes  water,  though  slowly,  hydrogen  gas  being 
disengaged  and  protoxyde  of  lead  formed. 

36.  CADMIUM,  Cd. 

(Cadmium.) 

*  The  colour  of  cadmium  resembles  that  of  tin,  and  has  much 
brilliancy.  It  is  soft,  flexible,  and  produces  a  creaking  noise, 
like  tin  when  bent.  It  is  very  fusible,  and  melts  below  ind- 
pient  redness.  It  boils  and  evaporates  at  a  temperature  shglitly 
superior  to  that  of  boihng  mercury.  At  the  ordinary  tempe- 
rature it  is  not  much  altered  by  dry  air,  and  a  damp  atmo* 
sphere  only  slightly  impairs  its  brilliancy;  in  aerated  water,  it 
becomes  coated  with  hydrated  oxyde  of  cadmium,  which,  in 
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course  of  time,  absorbs  carbonic  acid.  Heated  in  the  air,  it 
burns  and  emits  brownish-yellow  fumes  of  oxyde  of  cadmimn. 
Its  specific  gravity  is  d'6. 

*  Cadmiiiiii  is  soluble  in  mvbiatic  acid,  provided  it  be  not 
too  dilute,  and  produces  a  disengagement  of  hydrogen  gas, 
especially  with  the  help  of  lieat.  It  is  dissolved  by  nitric  acid 
more  easily  than  by  any  other  add.  Dilute  sulphuric  and 
other  strong  adds^  even  acktic  acid^  dissolve  cadmium,  with 
disengagement  of  hydrogen  gas ;  the  solution,  however,  is  slowly 
effected.  Cadmium,  at  a  low  red  heat,  wisily  dtctjmposcs  water, 
with  disengagement  of  hydrogen  gas  and  formation  of  oxyde 
of  cadmium.  On  account^  however^  of  the  volatility  of  this 
metalj  it  must  be  reduced  to  the  state  of  vapour  before  putting 
it  in  contact  with  the  aqueous  steam. 

ar.  NICKEL,  Ni. 

*  KiCKEL  in  the  melted  state  is  silver-white,  with  a  slight 
tinge  of  grey,  with  metallic  brilliancy.  In  the  extremely 
divided  state  in  which  it  is  obtained,  by  reducing  its  oxyde  by 
means  of  hydrogen  gas,  or  by  exposing  the  oxalate  of  nickel  to 
a  red  licat,  it  forms  a  grepsli-black  powder.  This  metal  is 
very  hard ;  it  is  malleable  and  difficult  to  fuse.  It  is  distin- 
guished from  the  other  metals^  because  it  may  be  rendered 
magnetic,  and  retains  the  magnetic  power.  At  the  ordinaiy 
temperature  it  is  not  at  all  altered  by  atmospheric  air.  Heated 
in  the  open  air  it  is  oxydiscd;  yet  the  oxyde  uf  uickul  may 
be  reduced  without  addition,  when  exposed  to  a  very  high 
temperature  in  a  charcoal  fire^  because  it  is  then  reduced 
by  the  carbonic  oxyde  gas  whidi  ia  produced.  Its  specific 
gravity  is  8'3. 

*  Nickel  is  dissolved  by  muriatic  acid  when  not  too 
dilute,  especially  with  the  help  of  heat,  hydrogen  gas  being 
disengaged;  the  solution  is  slowly  effected,  and  the  liquor 
contains  chloride  of  nidLcI.  Nickel  is  easily  dissolved  by 
NITRIC  ACID.   Dilute  svLPHVBic  ACID  dusolvcs  it  somewhat 
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(litlicultly,  vnih  the  help  of  heat,  under  disengagement  of 
hydrogen  gas.  The  sulutiuns  of  nickel  in  the  acids,  even  in 
agua  ref/ia,  contain  oxyde  and  chloride  of  nickel,  and  they  are 
green.  When  finely  divided  nickel  is  heated  in  an  atmosphere 
of  chlorine  gas,  a  vivid  ignition  is  manifested,  and  chloride  of 
nickel  is  produced,  wliich  forms  yellow  crystalline  spangles,  soft 
to  the  touch  like  mica,  and  wliich  at  first  api^ear  to  be  insoluble 
in  water;  hut  when  left  exposed  to  the  air  for  a  long  time  they 
become  green,  and  they  are  then  soluble  in  water. 

*  At  a  low  red  heat  nickel  decomposes  water  but  slowly  ; 
hydrogen  gas  is  disengaged,  and  oxydc  of  uickcl  formed. 

38.  COBALT,  Co. 
{Cobalt.) 

*  Metallic  cobalt  is  grey  with  a  reddish  tinge ;  reduced  into 
very  fine  particles  it  has  a  greyish-black  colour.  It  is  slightly 
ductile,  and  the  presence  of  a  small  quantity  of  arsenic  or  of 

carbon  renders  it  brittle.  It  is  less  fusible  than  gold.  It 
differs  from  most  other  metals,  because  it  is  attracted  by  the 
magnet^  though  less  than  iron  and  nickel,  and,  like  them, 
retains  the  magnetic  power.  It  is  not  altered  by  exposure  to 
the  air  at  the  ordinary  temperature;  but  at  a  red  heat  it  is 
slowly  uxydisi'd.    Its  specific  gravity  is  about  S  O. 

*  Cobalt  is  slowly  dissolved  by  muriatic  acid  under  disen- 
gagement of  hydrogen,  and  better  with  the  help  of  heat,  and 
with  a  concentrated  acid.  Cobalt  is  easily  dissolved  by  nitric 
ACID.  It  is  dissolved  also  by  dilute  sulphuric  acid,  with  the 
help  of  heat,  hydrogen  being  disengaged  ;  and  by  conceaJ rated 
sulphuric  acid,  with  disengagement  of  sulphurous  acid.  The 
acid  solutions  of  cobalt,  even  that  in  aqua  bboia,  contain 
chloride  and  oxyde  of  cobalt;  they  are  red,  though  when 
very  concentrated  their  colour  is  blue,  especially  if  they 
contain  a  free  acid.  The  blue  solutions  become  red  bv  addition 
of  water.  AMien  a  current  of  chlorine  gas  is  passed  upon  finely 
divided  cobalt,  the  latter  being  heated,  it  ignites,  and  is  converted 
into  blue  crystalline  spangles  of  chloride  of  cobalt. 
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*  Cobalt  easily  decomposes  water  at  a  red  heat,  and  with 
disengagement  of  hydrogen  and  fonnation  of  ozyde  of  cobalt. 

39.  ZINC,  Z. 

{Zinc.) 

*  Metallic  zinc  is  white  with  a  bluish  tinge ;  it  is  very  bright, 
and  of  a  lamellar  texture.  It  is  slightly  flexible,  and  may  even 
be  reduced  into  pretty  thin  sheets^  especially  when  very  pore. 
The  ordinary  and  impure  sine  of  commerce*  is  flexible,  and  can 
be  laminated  only  at  a  high  temperature,  wliicli,  however, 
should  not  exceed  that  of  boiling  water'.  It  fuses  at  about 
-H  300^  cent.  (680°  Fahr.),  and  at  a  white  heat  it  boils,  and  may 
be  distilled.  It  is  not  altered  by  exposure  to  dry  air.  Put  in 
contact  with  water  and  atmospheric  air  containing  carbonic  acid, 
it  is  first  converted  into  livdrate  of  oxvdc  of  zinc,  wliich  aljsorbs 
carbonic  acid,  and  combiues  with  it.  In  water  Irom  which  the 
air  has  been  expelled,  it  may  be  preserved  for  years  without 
losing  its  lustre.  Exposed  to  a  high  temperature  in  the  open 
air,  it  bums  with  a  dazzling  greenish-blue  light,  and  emits 
thick  white  fumes  of  oxyde  of  zinc.   Its  specific  gravity  is  H  S6. 

*  Zinc  is  easily  dissolved  by  muriatic  acid,  even  at  tlie  ordi- 
nary temperature,  and  hydrogen  gaa  is  copiously  evolved.  It  is 
likewise  easily  dissolTed  by  nitric  acid.  Sulphuric  add  dissolves 
it  very  promptly,  even  in  the  cold,  hydrogen  being  disengaged*. 


'  Tlip  zinc  of  commerce  is  ireiicmlly  coiitaniinatcd  wiili  iron,  had,  arsenic,  C(>i)j>or 
and  carbon  ;  the  ziuc  mauulaciiuud  by  what  is  called  tlie  Belgian  process  gcucrally 
ctmMaa  a  large  proportion  of  iton,  triiidi  it  obaorba  wUbt  lemiiiidiig  in  Urn  fluid 
■teto  in  tiio  eMil'inm  nozdes  piaood  of  die  end  of  die  xeCorts,  and  in  wUdi  ilie 
volntiKaad  Buo  is  eondenaed.  Hie  praaenoe  of  imn  venders  tfie  dnoteittle ;  and  I 
have  aateiUlueJ  that  three  per  cent,  of  iron  is  sufficieDt  to  make  the  zinc  crumble 
into  powder  under  the  hammer  ;  on  the  other  hand,  zinc  which  «oi»t^*pt  five  per 
cent,  of  iron  is  unfit  for  /ifu-inc;  iron  plates,  cliainn,  Ace— Ed. 

2  Zinc  is  generally  h*  Mt(  d  to  about  'JoO  "  Falir.  hi  Ion-  laminating. —  En. 

^  Pure  ziuc  is  scarcely  acted  upon  by  sulphui-ic  acid,  but  the  shghtest  quantity  of 
foreign  metal  immediately  caneea  it  to  diaaolve  with  eHbrreeeenee.  Snlpfaurie  add, 
whieh  ia,aa  jnat  said,alinoet«ithoataeCion  upon  pure  aiie,be^n9  atoooe  todiaiolve 
tiiia  aame  line,  if  only  ve-mdted  in  an  iron  ladle  previous^  to  snbjeeting  it  to  the 
notion  of  the  add.  I1ie  ease  with  which  dne  may  be  dlMolved  by  anlpbnric  acid  i:*, 
however,  no  proof  of  ita  bmqg  impure^  that  ia,  cdf  its  oontaining  odier  metals,  sueh 
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Almost  all  the  acids  whidi  axe  solable  in  water  act  in  the  same 
maimer,  provided  tbey  be  not  too  much  diluted.   Zinc  is  alowhr 

dissolved  even  by  the  solutions  of  pure  potash,  or  of  ammonia, 
under  disengagement  of  hydrogen  gas.  All  these  solutions  con- 
tain oxyde  or  chloride  of  sine.  The  sine  of  commerce  is  more 
easil}  dissolved  by  all  the  re-agents  than  pure  distilled  zinc 
This  metal,  heated  in  an  atmosphere  of  gaseous  cWorine,  is  con- 
verted into  chloride  of  zinc,  which  is  volatile  at  a  somewhat  Iiigh 
temperature  (bright  red  heat).  At  a  red  heat  sine  decomposes 
water  very  easily^  hydrogen  gas  is  disengaged,  and  a  veiy 
brilliant  aystallised  oxyde  of  one  is  fomed. 


40.  IRON,  Fe. 

*  Iron  is  of  a  light-grey  colour.  When  perfectly  pure  it  is 
white.  Its  combination  with  carbon  (cast  iron)  has  a  darker  or 
lighter  hue;  the  variety  which  contains  only  a  small  qnantily 
of  carbon  (steel),  has  a  lighter  colour  than  ordinary  iron  (bar- 
iron),  which  is  almost  pure,  as  it  contains  only  a  feeble  trace  of 
carbon.  Iron  has  much  bniliancy,  is  hard  and  malleable. 
Steel  is  harder  than  iron,  especially  when  after  having  been 
heated  it  is  suddenly  cooled.  Cast-iron  is  hard  and  brittle^ 
especially  white  cast-iron.  Grey  cast-iron  is  less  so.  AU  the 
varieties  of  iron  fire  attracted  by  the  magnet,  but,  properly  speak- 
ing, steel  IB  the  only  form  which  retains  the  magnetic  power. 
This  property  distinguishes  iron  from  all  the  other  metals,  except 
nickel  and  cobalt.  Iron  is  verv  difficult  to  fuse.  Steel  is  move 
fusible  tlian  bar-iron,  and  cast-iron  more  so  than  steel.  At  the 
ordinary  temperatm'c,  dr}'  air  lets  no  action  upon  iron,  and  even 
a  damp  air  does  not  destroy  its  brilliancy.  According  to  Bons- 
dorff,  the  rust  or  hydrate  of  peroxyde  of  iron  with  which  it 
becomes  covered  in  inhabited  situations  and  other  places, 


as  iron  or  lead,  and  may  be  dcpondrnt  on  the  disposition  of  its  molecules,  M.  Maliicr 
having  obfK'rvcd  that  the  piiri  st  zinc  mav  be  rendered  eMB^  aolubte  in  lalptiiilic 
acid  by  Uammenug,  pounding,  or  Imninating. — £0. 
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depends  on  the  inequalities  aud  fissures  of  its  surfaoej  which 
become  oxydised^  and  upon  which  the  aqueous  Taponr  being 
deposited^  determines  the  fomiation  of  the  hydrate.  When  the 
iron  is  covered  with  a  slight  coat  of  black  oxyde,  the  production 

of  the  hydrate  in  (jiiestion  is  very  soon  induced  *. 

*  When  iron  is  heated  red-hot  in  the  open  air,  it  becomes 
oxydised^  and  covered  with  a  crust,  which  is  a  combination  of 
proto  and  of  pcroxyde  of  iron.  If  it  be  heated  white-bot,  either  in 
air  or  in  oxygen  gas,  it  bums  with  beautiful  sparks.  The  biurnt 
or  fused  iron,  consists  then  of  a  mixture  of  both  the  oxydes  just 
mentioned.   The  specific  gravity  of  bar-iron  is  7*7. 

*  Iron  is  easily  dissolved  by  muriatic  acid,  under  diseugage- 
ment  of  hydrogen  gas ;  the  solution  contains  protochloride  of  iron. 
The  hydrogen  gas  which  is  disengaged  by  the  action  of  nniriatic 
acid  upon  iron  m  hich  contains  carbon,  has  a  disagreeable  odour, 
and  after  the  solution  of  such  a  piece  of  iron,  a  carbonaceous 
residuum  is  left.   AU  the  various  species  of  iron  are  easily  dis- 
solved bv  NITRIC  ACID.    When  iron  is  dissolved  in  cold  dilute 
uitric  acid,  the  solution  contains  protoxyde  of  iron.    When,  on 
the  contrary,  the  acid  employed  is  heated^  the  solution  contains 
peroxyde  of  iron.   After  the  solution  in  nitric  acid  of  a  piece 
of  iron  containing  carbon,  there  remains  a  brown  and  pasty  resi- 
duum, and  in  sucli  cases  nitiic  oxydc  gas  mixed  with  carbonic 
acid  gaa  are  evolved  whilst  the  iron  is  dissolving.  Concen- 
TBATED  auLPHURXC  ACID  couverts  irou,  with  the  help  of  heat, 
into  sulphate  of  peroxyde  of  iron,  sulphurous  acid  being  disen- 
gaged.   Iron  18  easily  tlissohcd  by  cold  dilute  sulphimc  acid, 
hydrogen  being  disengaged,  and  the  solution  contains  sulphate 
of  protoxyde  of  iron.   When  the  iron  dissolved  in  dilute  ««/- 
phurie  add  contains  carbon,  the  hydrogen  gas  disengaged  has  a 
fetid  odour,  and  a  black  residuum  is  left.    Almost  all  the  acids 
which  are  soluble  in  water  behave  like  dilute  sulphuric  acid. 
The  residuum  which  is  left  by  iron  containing  carbon  after 
treatment  by  an  acid  often  contains  silicic  acid.    When  a 

*  Iron  mat  Is  a  mixtiiM  of  cMlxniateuf  protoxyde  of  irou  and  hydmie  of  poioxydo 
of  iron. — Eo. 


Digitized  by  Google 


528 


— ^ZIRCONIUM 


stream  of  chlorine  gas  is  passed  over  heated  iron,  the  metal  i:* 
converted  into  percliloride  of  iron^  susceptible  of  being  sublimed 
[of  covane,  provided  a  suffident  quaatity  of  cblorine  gas  be 
employed.] 

*  At  a  low  red  heafc^  iron  very  easily  decomposes  water, 

hvd  ro^cu  being  diseugaged^  aud  magnetic  ferrosofcrric  oxyde 
formed. 

41.  MANGANESE,  Ifn. 

*  Mbtallic  manganese  is  of  a  grcyish-wliite  colour,  and  lias 

not  much  lustre.  It  is  brittle,  luay  be  easily  pulverised,  is  less 
hard  than  cast-iron,  and  very  difficult  to  fuse :  its  specific  gra>ntyis 
about  b'O.  Exposed  to  the  air,  it  begins  to  oxydise  at  the  ordinary 
temperature,  and  fidls  into  a  black  powder.  In  water  it  slowly 
oxydises  at  tbe  ordinaiy  temperature  under  disengagement  of 
hydrogen  gas  ;  but  when  this  liquid  is  heated,  the  disengagement 
of  hydrogen  is  very  rapid.  It  is  rapidly  dissolved  by  the  aqueous 
adds  under  disengagement  of  hydrogen  gas;  that  solution 
contains  protoxyde  of  manganese,  or  if  muriatic  acid  has  been 
employed,  the  solution  contains  protochloride  of  manganese. 
Nitric  acid  dissolves  manganese,  but  instead  of  hydrogen  being 
disengaged,  it  is  nitric  oxyde  gas,  and  the  solution  contains 
protoxyde  of  manganese. 

42.  ZIRCONIUH,  2r. 

■ 

(j^dvofitiiiit.) 

*  Zirconium  has  as  yet  been  obtained  only  by  Berzchus. 
It  is  a  black  powder,  which  acquires  a  brilliant  dark  iron-gr^ 
colour  by  friction  with  a  burnisher.  Exposed  to  a  red  heat  in 
vacuo  or  in  an  atmosphere  of  hydrogen  gas,  it  is  not  altered  nor 

fused.  Heated  in  the  open  air,  it  ignites  much  below  red  had, 
and  is  converted  into  white  zirconia.  Before  being  heated  red 
hot  it  becomes  divided  in  water  into  such  fine  particles  as  to  pass 
through  the  filter ;  the  addition  of  a  little  muriatic  add  or  the 
solutions  of  salts  prevent  tins  ell'ect. 
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*  Zirconium  is  not  attacked  at  the  ordiiiJiry  temperatiu'e  by 
MURIATIC  nor  by  concentrated  sulphuric  actd  ;  even  with  the 
lielp  of  heat  their  action  is  but  sUght,  and  a  little  hydrogen  gas 
is  disengaged.  Neither  is  it  attacked  by  nitric  agio  nor  by 
AQUA  REG  I A  ;  Oil  tliG  contran%  hydrofluoric  acid  dissolves  it, 
inrith  the  help  of  heat^  under  disengagement  of  hydrogen  gas. 
A  mixture  of  htdbofluobio  and  nitbic  ACins  dissolves 
zirconium  with  much  violence.  The  solutions  of  the  alkalies 
liavc  no  action  upon  zirconium,  even  when  boiled  with  it. 
When  zirconium  is  mixed  with  carbonate  of  potash^  and  the 
mixture  is  heated,  the  zirconium  bums  at  the  expense  of  the 
carbonic  add  with  a  feeble  light.  When  fused  with  the  pure 
ALKALIES,  it  is  oxydiscd  at  the  expense  of  their  water.  Lastly, 
when  fused  with  nitrate  of  potash  or  with  culoratb  of 
POTASH,  it  begins  to  burn  only  at  an  incipient  red  heat. 

43.  CERIUM,  Ce. 

^  According  to  Mosander,  cerium  is  a  chocolate-brown 

• 

powder,  which  slowly  oxydises  when  exposed  to  damp  air,  and 
which  on  this  account  always  exhales  the  odour  of  hydrogen  gas. 
In  water  it  oxydises,  and  hydrogen  is  disengaged ;  but  the  greater 
the  quantity  which  has  thus  oxydised,  the  slower  does  the 
decomposition  of  the  water  become.  At  tlie  temperature  of 
90°  cent.  (I'J  1  ^  Fahr.)  it  dissolves  in  water  as  violently  as  if  an  acid 
had  been  added.  By  Motion  it  acquires  a  slight  steel-grey 
brilliancy :  heated  in  the  air  it  ignites  before  it  has  become  red 
hot,  burns  vividly,  and  passes  into  the  state  of  sesquioxyde  of 
cerium.    W  ith  chlorate  and  nitrate  of  potash  it  detonates. 

44.  YTTRIUM,  Y. 
iYttrmm.) 

*  According  to  WoUer,  yttrium  has  the  following  properties. 

It  furms  spangles  with  a  metallic  lustre,  which  by  washing 
yield  a  bright  powder  of  an  iron  colour.    It  is  not  oxydised  by 
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dtber  air  or  water  (at  the  ordinarj  temperature).  AN  hea  heated, 
it  ignites  at  incipient  redness^  and  is  converted  into  wbite  . 
yttria.    If  the  comhustion  takes  place  in  oxygen  gaa,  tiie 

deflagration  is  exceedingly  brilliant.  Yttrium  dissolvcis  in  the 
dilute  acids  under  disengagement  of  hydrogen  gas.  It  i> 
dissolved,  but  with  difficulty,  by  a  sdution  of  potash^  and  it  is 
altogether  insoluble  in  ammonia. 

4S.  TUOiUNUM,  Th. 
(Tkorimm.) 

*  AccoRDiNo  to  Berzelius,  thorinum  is  a  heavy  metaffie 
powder  ol  a  dark  lead-grey  colour.  It  may  be  compressed  hr 
means  of  a  polished  agathe  burnisher,  and  it  then  acqiurcs  ?.  \ 
metaUic  lustre  and  an  iron-grey  colour.  If  gently  heated,  it 
ignites  and  bums  with  an  extremely  bright  flame.  If  smaD 
grains  of  thorinum  be  projected  into  the  Ihime  of  a  spirit-lamp 
thev  burn  yvith  a  white  flame,  and  at  the  moment  of  their 
combustion  they  appear  considerably  to  increase  in  bulk ;  after 
combustion  the  snow-white  residuum  of  thorina  remains,  but 
which  does  not  present  the  slightest  trace  of  fusion  or  of 
agglomeration. 

*  Thorinum  is  not  oxydised  by  water  either  in  the  cold  or 
with  the  help  of  heat. '  It  ii  very  slowly  dissolved  by  sulphuric 
acid,  and  with  disengagement  of  hydrogen,  but  ultimately  the 

solution  is  complete.  Nitric  acid  has  })orhaps  still  less  action 
upon  it.  It  is  easily  dissolved  by  muriatic  acid  with  disengage- 
ment  of  hydrogen,  and  with  the  help  of  heat  it  is  thus  speedily 
dissolved.   It  is  about  as  little  acted  upon  by  hydroflnoric  add 

as  by  sulphui'ic  acid. 

46.  GLUCINIUM,  Be.  i 
(CXuemkm.)  1 

*  According  to  Woliler,  glucinium  is  a  dark-grey  powder  | 
which,  at  the  ordinary  temperature,  is  not  oxydised  in  the  air, 
nor  in  cither  cold  or  boiling  water ;  but  when  exposed  to  a  red  { 
heat  it  ignites  and  bums  very  vividly :  its  combustion  in  oj^rgea 


^  .J  .1^ -o  Google. 


ALUMTNTUM — MAONBSIUM. 


531 


gas  is  extremely  bnUiant.  Hot  conceutrated  sulphuric  add 
disaoWes  gluciiiiiim  with  disengagement  of  sulphurous  acid^  and 
in  the  dilute  acids  or  in  a  solution  of  potash  with  disengagement 

of  liydro^en  f^as.  It  is  dissolved  by  nitric  acid  with  disengage- 
ment of  iiitric  oxyde :  it  is  absolutely  iuaoiuble  in  ammonia. 

47.  ALUMINIUM,  AU 
{Almminhm,) 

*  Aluminium,  according  to  Wdhler,  resembles  pulverulent 

platinum  ;  it  easily  acquires  a  perfect  metallic  lustre,  and  a  tin- 
white  colour  by  friction  with  the  burnisher.    It  is  neither  fused 
nor  agglomerated  by  a  heat  which  readily  fuses  cast-iron. 
Exposed  to  a  red  heat  in  the  open  air  it  ignites,  and  bums 
with  much  brilliancy,  and  is  converted  into  white  and  hard 
alumina.    Its  combustion  in  oxygen  gas  is  so  dazzlinp;,  that  the 
eye  <:an  hardly  bear  it.    It  is  not  oxydised  by  water  at  the 
ordinary  temperature ;  but  at  a  boiling  temperature  it  becomes 
slowly  oxydised  under  a  feeble  disengagement  of  hydrogen  gas. 
At  the  ordinary  temperature  it  resists  the  action  of  concentrated 
nitric  and  sidphuric  acids ;  but  if  heat  be  at  all  applied,  it  is 
then  dissolved  with  violence.    The  dilute  acids  dissolve  it  rapidly 
with  disengagement  of  hydrogen.   This  is  also  the  case  when  it 
is  treated  by  the  solutions  of  the  fixed  alkalies,  even  when  dilute. 
It  is  likewise  dissolved  by  aumionia,  hydrogen  bcin^  disen- 
gaged at  the  same  time:  this  alkali  contains  then  a  pretty  large 
quantity  of  alumina,  which  is  remarkable,  alumina  bemg  other- 
wise insoluble  in  ammonia. 

48.  MAGiNE.SIUM,  Mg. 

*  According  to  Bussy,  magnesium  has  a  silver-white  colour, 

is  very  brilliant,  hard,  malleable.    It  may  be  flattened  under 

the  hammer..   According  to  Liebig,  it  fuses  at  about  the 

same  temperature  as  silver.   At  the  ordinary  temperature,  dry 

atmospheric  air  has  no  action  upon  it,  but  it  is  tarnished  by 

exposure  to  damp  air.   It  is  not  oxydised  by  pure  water.  It 

• 
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burns  both  iu  oxygeu  aud  in  the  air^  at  the  temperature  at 
which  glass  softens ;  it  then  emits  a  vivid  light,  and  is  con- 
verted into  magnesia.   It  is  dissolved  in  the  cold  by  the  dilute 

acids^  hydrogen  being  disengaged.    Nitric  acid,  whilst  dissolving 

it,  evolves  nitrogen,  and  coneentrated  snlpliuric  acid  diseugageii 
sulphurous  acid.    Its  acid  solutions  contain  magnesia.  * 

49.  CALCIUM,  Ctk. 
{Caicium.) 

*  Calcium  is  silver-white,  and  solid.  It  is  rapidly  oxydiaed 
by  exposure  to  damp  air.   At  the  ordinary  temperature  tliis 

oxydisation  is  not  accompanied  by  a  disengagement  of  ligbt ; 
but  if  \ivdt  1k"  :i])pHed  it  deflagrates.  It  is  converted  into  lime 
(oxyde  of  calcium)  by  water^  and  dissolves  in  it. 

50.  STRONTIUM,  Sr. 
{Slrotitium.) 

^  Strontium  has  been  obtained  only  by  Sir  H*  Davy.  Its 
external  qualities  and  properties  resemble  those  of  barium. 

61.  BARIUM,  Bft. 
(Bariwm.) 

*  Babium  resembles  silver.  It  is  heavier  than  concentrated 
sulphuric  acid,  and  malleable.  It  fuses  before  incipient  red- 
ness. By  exposure  to  damp  air  it  is  oxydised,  and  becomes 
coated  with  a  white  crust.  Heated  in  the  open  air^  it  burns 
with  a  deep-red  flame.  It  is  oxydised  by  water  and  by  the 
adds^  with  a  violent  disengagement  of  hydrogen  gas. 

53.  LITHIUM,  U 
{Lithium.) 

*  Metallic  lithium  is  very  little  known.    It  is  said  to 
resemble  sodium  much. 
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63.  SODIUM, 
(SiHiiim,) 

*  Sodium  is  silver-white,  and  has  much  metallic  lustre.  It 

may  be  pulverised  at  a  temperature  below  freezing,  but  a  slight 
elevation  of  temperature  renders  it  malleable  again.  At  the 
ordinary  temperature  it  is  soft^  like  wax,  and  fuses  at  a  few 
degrees  above  the  boiling  pmnt  of  water.  At  a  low  red  heat 
it  volatilises.  This  metal  is  lighter  than  water.  According  to 
lionsdortt',  it  is  not  oxydiscd  by  dry  air;  but  by  exposure  to 
damp  air,  it  becomes  coated  with  a  crust  of  hydrate  of  oxyde  of 
sodium.  Sodium  is  inflamed  by  exposure  to  a  red  heat.  It  is 
oxydised  by  pure  water  with  disengagement  of  hydrogen  gas, 
but  without  emitting  li^^lit.  li\  however,  a  little  gum-arabic 
be  dissolved  in  the  water,  the  small  piece  of  sodium  remaining 
longer  on  one  point,  becomes  hot  enough  to  ignite,  and  it  then 
bums  with  a  yellow  flame.*  When  sodium  is  thrown  upon 
mercury  it  is  violently  projected  with  an  explosion,  accompanied 
witli  heat  and  light. 

54.  POTASSIUM,  K. 
iPoktmum.) 

*  The  external  qualities  of  potassium  resemble  mercury;  it 

has  almost  the  same  eoloiir,  and  is  nearly  as  bnght  *.  Yet,  at 
the  orduiary  temperature  it  is  only  semi-iiuid.  Between  50°  and 
60""  cent.  and  140''  Fahr.)  it  becomes  completely  liquid. 

At  32^  Fkhr.  it  is  solid  and  brittle.  At  a  low  red  heat  it  is 
volatile,  and  may  be  distilled ;  yet  it  is  somewhat  less  volatile 


*  If  sodium  be  tlirow-n  in  a  dish  containing  only  a  small  quantity  of  water,  m  that 
it  may  touch  the  ;  or  if  when  thrown  into  a  body  of  Av.iti t  it  be  struck  •marlly, 
it  then  ignites  also  and  burns  with  a  characteristic  yeliow  tl.uue.  -  En. 

-  Pota&'siuni  is  now  w  well  known  that  the  above  definition  umy  be  «1.  r  uied  suffi- 
cient, yet  at»  it  atoud^i,  it  can  hau'dly  be  called  correct.  I'otaasium  at  tiie  ordinary 
tempefaian  k  M  soft  IS  tdW,  ind  becomes  fli^  Old 

atwfaieli  itiMj  tfwn  be  oomiMred  to  nxvcury,  inaamncli  Mit  nay  then  be  aeperated 
by  pKMore  into  nuJlglobalee,  wbieh  ran  like  mercury,  end  like  the  latter  eoaleeoe 
with  one  Another,  «iien  they  come  moontecty  to  torm  brger  oiiea>  Slc. — Eo, 
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than  sodium.  It  is  lighter  tlijiii  wiiter  and  than  sodium.  By 
expuiiure  to  damp  air  it  is  gradually  oxydised,  but  more  rapidly 
than  sodium,  yet  without  being  ignited  j  but  when  heated  ia 
contact  with  the  air  it  ignitesj  and  bums  with  much  violence. 
In  the  dry  air  it  retains  its  metallic  lustre.  It  is  more  power- 
fully oxydised  by  Mater  than  sodium,  and  liydrogen  gas  is  dis- 
engaged. When  thrown  upon  water^  it  runs  about  its  suitace, 
and  the  hydrogen  which  is  disengaged  bums  with  a  violet  or 
red  flame.  Potassium  ignites  spontaneously,  even  when  thrown 
upon  ice.  Wlien  thrown  upon  mercury  it  quietly  amalgamates 
with  it,  provided  the  air  and  the  mercury  be  dry, — a  circumstance 
which  distinguishes  it  from  sodium.  But  in  the  open  air,  it 
runs  at  the  surface  of  the  mercury,  on  account  of  the  moisture 
contained  in  the  atmosphere,  and  by  reason  of  the  hydrogen 
gas  which  is  then  disengaged. . 
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SECOND  PAliT. 


RULES  TO  BE  OBSERVED  IN  QUALITATIVE 

ANALYSIS. 


*  When  the  object  of  a  chemical  analysis  is  to  determine 
all  the  constituent  principles  contained  in  a  substance,  it  is 
possible,  by  means  of  a  few  experiments  perfonned  without  any 
particular  order,  to  detect  promptly  one  or  the  other  of  these 
principles;  but  it  is  general  1\  advantajjcous  to  follow  a  sys- 
tematic course,  for  in  qualitative  analysis  nothing  is  more 
frequent  or  easy  than,  by  neglecting  apparent  minutis^  to 
commit  grave  errors,  and  to  overlook  the  presence  of  several 
of  the  substuuees  whit  li  iiiav  nevertheless  be  contained  in  the 
compound  under  examination. 

*  Before  describing  the  course  to  be  followed  for  the  detection 
of  the  constituent  principles  of  compound  combinations,  it  is 
necessary  to  speak  first  of  the  re-agents  employed  to  obtain  this 
result,  and  of  the  manner  of  using  them. 
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CHAPTER  I. 

RE-AGENTS. 

*  The  nnmber  of  the  re-agents  employed  in  qualitative 

analysis  of  compoundB  which  contain  only  substances  of 
irequeut  occurrence  is  not  considerable.  Those  chiefly  used 
are  the  following : — 

I.  iMLUlATlC  ACID. 

*  This  is  the  most  indispensable  of  all  the  acids  used  in 
chemical  analysis.   It  is  not  only  a  test  for  oxyde  of  silrer 

{pnfj^c,  120),  suboxyde  of  mercurj^  (pajje  131),  and  oxyde  of 
lead  (page  01)) ;  but  it  is  also  principally  used  as  a  solvent 
of  most  of  the  oxydised  substances  which  are  insoluble  in 
water.  It  is  also  used  in  preference  to  any  other  for  the  pur- 
])ose  of  rendering  add  a  neutral  or  an  alkaline  solution ;  it  is 
seldom  only  that  it  is  better  to  employ  another  acid  for  the 
purpose.  It  is  also  employed  for  detecting  carbonic  add. 
Muriatic  add  is  also  to  be  preferred  to  other  volatile  adds  for 
the  detection  of  free  ammonia  in  solutions  (page  22).  Lastly, 
it  is  employed  for  the  detection  of  certain  peroxydes  and  of 
some  acids  the  oxygen  of  which  has  not  much  affinity  for 
the  radical,  in  which  case  a  disengagement  of  chlorine  gas  is 
evolved. 

*  Muriatic  acid  dissolves  only  those  metals  which  decompose 
water  with  the  help  of  an  acid  under  disengagement  of  hydrogen^ 
such  as  zinc,  iron,  &c. 
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*  Diluted  with  water  it  likeArise  dissolves  several  metallic 
sulpburets  with  disengagemeiit  of  sulphuretted  hydrogen. 

*  The  metallic  phosphurets  are  not  soluble  in  it.   Almost  all 

oxydcs  are  dissolved  by  munatic  acid,  at  least  when  they  have 
not  heen  previously  ignited. 

*  The  ozydes  which  form  bases  are  generally  more  soluble  in 
it  than  those  which  behave  like  an  add.  Among  the  first,  the 
only  exceptions  are  OTtfde  qf  silver,  mbaryde  of  mercury,  and 
oxyde  of  had,  because  their  corresponding  chlorides  are  either 
sparingly  soluble  or  altogether  insoluble.  Muriatic  odd  is 
especially  employed  to  dissolve  the  oxydes  which  are  insoluble 
in  water;  and  it  is  only  in  a  few  particular  cases  that  another 
acid  is  resorted  to  for  the  purpose.  Most  oxydes,  after  ignition, 
are  less  soluble  in  muriatic  acid  than  before;  a  few  become 
thus  altf^ether  insoluble  in  it;  such  is  the  case  mth perospyde 
qfHn,  oxyde  ofekromium,  and  pure  Htanie  acid.  The  oxysalts 
which  are  insoluble  in  water  are  for  the  most  part  soluble  in 
muriatic  acid ;  tlic  salts  of  the  above  three  oxydes  must,  liowever, 
be  excepted;  and  iikemse  the  mlphates  and  seleniaies  of  baryta, 
of  sirontia,  of  Hme,  and  a  few  others. 

*  When  the  adds  which  the  salts  contain  are  not  soluble  in 
muriatic  add,  it  often  occurs  that  these  salts  undergo  a  decom- 
position, in  consequcucc  of  wliitli^  the  muriatic  acid  employed 
dissolves  the  base,  and  leaves  the  acid ;  such  is  the  case,  for 
example,  with  several  silicates. 

*  Muriatic  add  is,  properly  speaking,  the  solvent  of  the  salts 
and  of  the  oxvdes  which  are  insoluble  in  water  :  no  other 
acid  can  be  preferred  in  this  respect,  except  under  peculiar 

m 

circumstances. 

*  Muriatic  add  does  not  dissolve  the  metals  which  are  not 
susceptible  of  decomposing  water  with  the  help  of  an  add;  many 

metallic  sulphurcts  likewise  resist  its  action ;  many  sulphurets, 
however,  which  are  not  attacked  by  diluted  muriatic  acid,  are 
decomposed  by  the  concentrated  add,  especially  with  the  help 
of  heat;  neither  can  it  dissolve  most  of  the  solid,  simply  non- 
metallic  substances,  such  as  mlphur^  selenium,  phosphorus^  cordon; 
the  oxydes  of  the  bases  the  chlorides  of  which  aic  insoluble, 
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the  salts  of  these  oxydes,  and  a  few  other  combinations,  of  which 
we  have  just  been  speaking,  and  many  native  silicates,  cannot 
be  dissolved  by  muriaiie  add* 

*  Ordinarily  the  muriatic  add  employed  is  moderately  dOuted, 
and  of  a  specific  gra\ity  I'llO  or  11 20,  to  which  more  water  in 
most  cases  may  be  added.  A  stronger  or  fuming  acid  is  seldom 
called  for. 

*  Muriatic  acid  is  not  fit  for  analytical  research,  except  it 

be  \cry  pure.    The  impurities  most  frequently  met  with  aio 

SULFUUAJC  ACID,  P£aCULO&ID£  OF  IRON,  ORGANIC  8UB8TANCi:8, 
CHLORINB,  SCrLPHUROUS  ACID,  and  BTDROBROMIC  ACID,  ARSENT- 

OV8  ACID :  the  presence  of  snlphnric  acid  may  be  readily  detected 
by  diluting  it,  and  testing  with  chloride  of  barinro,  which  will 

produce  a  ^\hit^  prccij^itate  of  sulphate  of  bar}ta,  whiih,  liow- 
evcr,  may  require  some  time  in  order  to  appear  if  the  quantity  of 
sulphuric  add  be  very  minute.  If  the  muriatic  acid  is  yellaw 
or  yeUowish,  it  is  generally  a  proof  that  it  contains  orgame  tub- 
stances,  or  perchloride  of  iron  ;  the  presence  of  the  latter  is 
detected  by  supersaturating  the  acid  with  ammonia,  by  wliich 
reddish-brown  flakes  of  peroxyde  of  iron  will  be  precipitated, 
either  at  once,  or  after  a  little  time.  The  presence  of  iron  may, 
however,  be  tested  more  sensitively  by  first  supersaturating 
with  ammonia  as  just  said,  and  then  adding  liydrosulphuret  of 
ammonia,  which  will  produce  a  black  precipitate  of  sulphurct  of 
iron.  The  presence  of  organic  sitbstancbs  is  indicated  by  the 
colour  of  the  add,  and  because,  if  a  few  drops  of  the  add  be 
evaporated  in  a  watch-glass,  a  carbonaceous  renduum  is  left. 
Tlic  presence  of  free  chlorine  is  recognised  partly  by  the  smell, 
and  partly  because  a  few  drops  evaporated  on  a  platinum  foil 
leave  a  residuum If  the  quantity  of  free  chlorine  be  at  all 
considerable,  the  add  will  dissolve  gold  leaf.   If  the  muriatic 

1  Tbu  f«iddaam  is  ehkride  of  ptetinimi,  fonned,  of  eouM^  ftt  dm  oxpeoM  of  the 

{iliitmum  foil,  or  else  it  may  be  some  other  fixed  subetMioey  midias  osjdoof  ivoOyOr 
cliloride  of  sodium,  sulphate  of  ooda,  unless  tlie  absence  of  tho<(e  saboteaoeB  liM  been 

afcertaiiicil  hoforf.  The  i>rr>9cnce  of  free  chlorine  may  likewise  be  readily  detected 
l»y  Itoilin^'  tlic  at-itl  under  cxatnination  with  a  few  drops  of  sulphate  of  indigo,  the 
blue  eiilour  of  which  will  ho  desti*oyed  if  the  at  i  l  contains  A  minute  trace  of  free 
chlorine,  and  left  uniinpairod  in  the  contrary  ch8c.  ^Ki>. 
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acid  contains  [free]  sulphurous  acid^  its  presence  may  often 
be  detected  by  its  odonr^  or  by  means  of  sulphuretted  hydrogen  \ 
or  of  protochloride  of  tin  *.  Sometimes  the  acid  contains  htbro- 

lutoMu  ACID,  which  mjiv  be  detected  by  aqueous  solutiou  of 
chlorine  and  ether  (page  427).  Muriatic  acid  may  also  be 
contaminated  by  abseniods  ACin^  which  is  often  the  case  when 
prepared  by  means  of  an  arsenilerous  sulphuric  acid^  in  which 
case  snlphnretted  hydrogen  will  produce  a  yellow  precipitate, 
from  whicli  metallic  arsenic  may  be  extracted  by  the  processes 
indicated  before  (pages  338  to  382).  The  presence  of  fixed 
substances,  such  as  qhloride  of  sodium,  may  be  recognised 
by  evaporating  a  small  quantity  of  the  add  in  a  watch-glass, 
or  upon  a  piece  of  platinum  foil.  Sometimes,  though  very 
rarely,  muriatic  acid  contains  selenious  acid,  wluch  may  be 
recognised  by  means  of  a  sulphosalt  \ 


%  NITRIC  ACm. 
(Atide  NUrique.} 

*  Nitric  acid  is  employed  in  certain  cases  lor  dissolving  tlie 
oxydised  substances  which  are  insoluble  in  water,  when  the 
presence  of  muriatic  acid  must  be  avoided. 

*  Although  most  of  the  combinations  which  it  forms  with  the 
bases  are  soluble,  it  is  by  no  means  preferable  to  muriatic  acid 
as  a  solvent  of  oxydiscd  substances ;  because  they  generally 

'  Till*  result  will  1k'  a  milky-whiu-  |>rc-cMj)itate  of  Bulpliur  ;  if  the  predpitate  be 
f  ollow,  the  presence  of  arscuions  aciii  may  bo  giispected,  or  else  that  of  scleuioua 
•dd.  Bntg  aooording  to  Meesn.  Fordot  and  Gel  is,  the  bert  nwtiiod  of  detoeting  tnoM 
of  BolpliimMtt  addin  imniatieMid  conristo  indiMolTiiig  a  litUe  dnc  in  the  Midyfend 
in  paaring  tbe  bydiogen  ffm  erolved  throngli  a  aolntion  of  snfaMotato  of  lead  (Wf 
better  still,  through  a  solution  of  oxyde  of  lead  in  caustic  potash)  ;  the  sulphuretted 
liyclror^'cn  thus  formed  will  precipitate  Hulphorotof  lead^by  whioh  DManstheaUghtest 
trace  of  sulphurous  acid  will  be  rendfrt'd  apparent.—  En. 

^  After  a  certain  time,  if  siiljihnrous  acid  be  present,  the  acid  will  ansume  a  brown 
tinge,  or  oven  a  brnwii  precipitate  will  be  formed,  which  is  sulphuret  of  tin.  The 
proaenoo  of  sulphurous  acid  may  be  also  detected  by  adding  a  litUe  nitric  acid, 
by  wUdi  the  aolpbimNia  acid,  being  eonverled  into  aolphnrie  add,  oiay  now  bo 
tasted  by  ddoride  of  barinm.— Eo^ 

*See  pacre  231  for  thedetedion  of  adeiiiooaadd.  See BeneBns' Beporfclbr  184^ 
page  138^£d. 
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dissolve  less  readily  in  nitric  th;ui  in  muriatic  acid,  aiul  the 
excess  of  acid  which  it  is  then  necessary  to  employ «  more 
difficult  to  eliminate  by  heat.    When  operating  upon  noo> 
volatilisable  substances,  the  most  troublesome  peculiarity  attend- 
ing  the  use  of  nitric  acid  is  the  expulsion  of  the  nitilite  of 
ammonia  which  is  formed  in  large  quantity  when  nitric  acid  is 
used  instead  of  muriatic  acid  for  dissolring  an  oxyde^  and 
ammonia  employed  for  supersaturating  the  soluiion  thai 
obtained.    This  expulsion  of  the  ammoniacal  salt  ia  attended 
with  difficulties,  ])ocause,  in  that  case,  when  nitrate  uf  ammonia 
exists  in  sufficient  quantity  along  with  organic  substances,  aa 
explosion  may  often  take  place.    NUrie  acid  is  sometimei 
employed  instead  of  muriatic  acid,  and  especially  for  acidifyina: 
neutral  or  alkaline  solutions;  but  this  is  seldom  necessary 
Nitric  acid  is,  however,  especially  employed  for  dissohing 
metals  and  metallic  alloys,  because  metals  cannot  often  be 
dissolved  except  by  nitric  acid.    It  is  used  also  for  oxydisiug 
the  metallic  sulpliurets  (patre  455),  ami  to  convert  substanr  ^ 
in  solution  into  a  higher  degree  of  oxydisation ;  for  example, 
protoxyde  into  peroxyde  of  iron.   Ordinarily,  the  pure  nitric 
acid  made  use  of  is  diluted  to  the  strength  of  ordinary  ttgua- 
firds^;  the  cases  in  which  fuming  nitric  acid  containing  nitrous 
acid  is  employed  are  rare,  such  Jis  for  oxydisiug  the  metallic 
sulphnrets.    Instead  of  nitric  acid,  a  mixture  of  one  part  of 
this  acid  and  two  parts  of  muriatic  acid  (aqua  rbgia)  is  some- 
times employed ;  in  which  case,  it  is  of  course  immaterial  that 
the  nitric  acid  contain  muriatic  acid ;   but  it  must  be  free 
from  sulphuric  acid, 

*  Nitnc  acid,  especially  with  the  help  of  heat^  niasoLTss 
nearly  all  the  metals  under  disengagement  of  nitrie  oxyde,  and 
sometimes  also  of  nitrous  acid  gas.  The  only  metals  insoluble 
in  it  are  gold,  platinum,  and  some  other  metals  mentioned 
before.  It  dissolves  nearly  all  the  oxydes,  except  peroxyde  qf 
tin,  oxyde  of  antimony^  teUurUnu  add,  and  a  few  others  after 
ignition^  and  also  the  salts  produced  by  the  oxydes  which  are 

>  Or*  0peeiAe  gnvity  about  1*10. 
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insoluble  in  water.  Peroxydes  are  partially  converted  by 
nitric  acid  into  a  baric  oxyde  and  a  higher  degree  of  oxydisa- 
tion.    The  rimple  non-metallic  bodies,  snch  aa  mi^hur,  sek" 

nhdiiy  &c.,  are  oxydised  more  easily  by  fuming  than  by  dilute 
nitric  acid.  Their  combinations  with  the  metals  are  likewise 
dissolved  by  nitric  add,  but  generally  the  metal  is  dissolved 
much  sooner  than  the  substance  with  which  it  is  combined 
(see  page  155,  where  I  have  iudicuted  the  sulphui'ets  which 
are  insoluble  in  nitric  acid). 

*  The  substances  which  are  insoluble  in  nitric  add  are  a 
few  metals  and  oxydes  before  mentioned,  the  chloride,  bromide, 
iodide,  and  cyanide  of  silver,  and  the  bromate  and  iodate  of 
oxyde  of  silver,  the  sulphate  and  selouiatc  of  baryta,  of  strontia, 
of  lime,  and  of  oxyde  of  lead.  The  silicates  behave  towards 
nitric  as  towards  muriatic  add. 

*  Fuming  nitric  acid  is  used  for  the  purpose  of  oxydising 
the  metallic  sulpliurets ;  but  geuenilly  a  more  dilute  acid  is 
used,  for  example,  of  a  specific  gravity  of  I'll  or 

*  The  substance  which  most  generally  contaminates  nitric 
add  is  MURIATIC  acid,  the  presence  of  which  may  be  ascer- 
tained by  means  of  nitrate  of  silvery  which  will  jiroducc  a  pre- 
cipitate or  a  turbidness  of  chloride  of  silver.  The  presence  of 
SULPHURIC  ACID  is  detected  by  diluting  the  nitric  add  under 
examination  with  water,  and  pouring  a  solution  of  mtrate  qf 
baryta,  or  of  chloride  of  barium,  which  will  then  produce  a 
precipitate  of  sulphate  of  baryta if  sulphuric  acid  be  present. 
The  fixed  substances  may  be  detected  by  evaporating  a  small 
portion  of  the  add  in  a  watdi-glass. 

^The  add  under  <nrimiiiHi<m  sad  the  test  must  both  be  dflnte,  otherwise  a 

precipitate  of  nitrate  of  baryta  might  be  formed,  and  thus  mistaken  for  sulphate  of 

baryta.  In  case,  however,  of  a  precipitate  being  produced,  water  mwi  be  somewhat 
largt  ly  added,  which  will  leave  the  precipitate  undissolved,  if  it  be  one  of  sulphate 
of  baryta.    This  observation  appUee  also  when  nitraU  ((f  »iltxr  is  emplojred. — £d. 
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9.  AQUA  REGIA. 
iCkhrmiiHe  Acid.) 

This  add  diMolyes  not  only  all  the  anbstanoes  which  arc 

soluble  in  nitric  acid,  but  also  gold,  platinum,  and  several  other 
metals  whicli  arc  insoluble  in  the  latter  acid.  It  dissolves  also, 
especiaUy  when  there  is  an  excess  of  muriatic  acid,  oi^dea  of 
antimony;  peroiyde  of  tin,  kc.,  and  their  aalta.  The  other 
ozydised  compounds  which  are  insoluble  in  muriatic  add  and  in 
uitric  acid,  are  likewise  insoluble  in  aqua  reffia, 

3.  SULPHURIC  ACID. 
{Acide  Su^fwripu,) 

*  GONCBNTEATBD  8ULPHVBIC  ACID  is  UBCd  for  the  pUTpOSe  of 

detecting  boracic  add  (page  281)  and  the  volatile  acidt ;  ehhric 

acid  (page  2  V6),  Inromie  acid  (pafi:o  255),  in  their  salts  ;  bromine 
(page  429),  iodine  (page  l-iO),  and  Jluurine  (page  in  their 

combinations  with  the  metals.  The  add,  diluted  with  six  or 
dght  times  its  bulk  of  water,  serres  to  detect  and  to  predpitate 
baryta  (page  24),  strontia  (page  29),  oxyde  of  lead  (page  98),  and 
/'n/ic  (page  31).  Instead  of  dilute  sulphuric  acid,  a  solution 
of  sulphate  of  potash  may,  iu  some  ca^^cs,  be  advantageously 
substituted,  as  we  have  shown  (page  34). 

*  Almost  all  the  substances  which  resist  the  action  of  other 
adds  are  dissolved  with  the  help  of  heat  by  concbntratbd 
SULPHURIC  ACiDj  yct  it  is  but  very  seldom  used  for  dissolving 
the  substances  which  are  insoluble  in  water,  because  the  excess 
of  this  add  cannot  be  volatilised  except  by  a  high  temperature, 
and  also  because  the  volatilisation  of  the  sulphate  of  ammonia 
resulting  from  tlic  supersaturatiou  of  the  add  solution  with 
ammonia  is  often  inconvenient. 

*  The  substances  which  are  insoluble  in  sulphuric  acid  are 
gold  and  platinum,  a  few  metals,  and  certain  oxydised  com- 
pounds, which  are  also  insoluble  in  nitric  and  in  muriatic  adds. 
A  lew  of  the  latter  substances,  however,  are  soluble  in  hot 
concentrated  sulphuric  acid,  but  are  predpitated  £rom  such  a 
solution  by  the  addition  of  water. 
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*  The  sulphuric  acid  orcliiianiy  used  for  aoalytical  researches 
is  distilled  sulphuric  acid.  It  is  puie  only  when  a  few  drops 
evaporated  in  a  small  platinum  crucible  leave  no  residuum.  The 
sulphuric  acid  of  commerce,  however,  is  coutaminated  hy  small 
quantities  of  sulphate  of  lead,  owing  to  which,  a  solution  of 
sulphuretted  hydrogen  gives  it  a  brownish  tinge Sometimes^ 
also,  it  contains  sulfhatb  of  potash,  which  after  evaporation 
remains  in  the  platinum  crucible.  Or  it  may  contain  selenic 
ACID,  by  which  it  acquires  the  property  of  attacking  gold,  and 
even,if  contaminated  with  muriatic  acid,  that  of  attacking  plati- 
num. The  presence  of  sekme  add  is  ascertained  by  diluting  the 
acid  under  examination  with  a  little  water,  and  boiling  it  with 
muriatic  acid,  after  which  it  may  be  left  to  digest  with  a  .sulphite 
(page  220).  If  the  sulphuric  acid  contain  any  arsenious  add, 
it  may  be  detected  by  passing  a  stream  of  sulphuretted  hydro- 
gen  through  the  suspected  acid  previously  diluted  with  water 
(page  .'ill)  \  If  the  acid  contain  nitric  acid,  it  may  he 
detected  by  pouring  in  the  undiluted  acid  a  solution  of  proto- 
Bulphate  of  iron  (page  233),  or,  after  diluting  it  with  a  little 
water,  by  copper  fUingM  (pi^e  235). 

I  The  brownwb  tinge  may  also  be  the  result  of  the  presenee  of  protoxyde  of  tin. 
When  the  concentrated  acid  contains  sulphnto  of  load  it  l>ecomea  turbid  when 
diluted  with  five  or  six  times  its  bulk  of  wiiter,  bt'cause  sulphate  of  lead,  tliough 
fioluble  in  concentrated  sulphuric  acid,  is  insoluble  in  the  dilulti  acid.  Svdphate  of 
lead  may  be  removed  by  allowing  it  to  subside,  after  which  the  acid  is  lit  for 
•naly  tical  purpoaefl,  if  it  oontMin  no  oilier  impurit/^En. 

*The  precipitete  which  maj  tiben  ftUdown oUght  bo  prodncedby  the  presenee  of 
anenioas  odd,  or  of  protoxyde  of  tin  $  but  fSb»  toamw  is  yellow,  whilo  die  second  is 
dork  brown  ;  !)ut  if  peroxydo  of  tin  be  present  the  precipitate  is  yellow  also  :  the 
means  of  distinguiHhing  these  different  impunties  will  be  shown  hereafter.  A  ready 
method,  however,  of  detecting  whether  the  acid  contains  arsenic,  consists  in  dilutini!; 
it  with  water,  and  jnittini;  «Jome  pure  zinc  into  it  ;  the  hydro^^en  which  will  then 
disengage  being  pa.Hsed  through  a  red-iiot  glass  tube,  must  not  deposit  the  lca«t  trace 
of  arsenic.   See  the  Article  on  Arsenic  and  Arsenious  Acid,  page  331,  also  page  338. 

It  is  deer  thot  wlnn  solphurio  aeid  cootsins  arsonio^  it  nmst  be  dther  rejeeted 
or  poiilled,  before  it  con  be  used  in  Uixds's  npponttns.  The  odd  may,  however, 
be  purified  by  dilothig  it  with  about  dx  times  its  balk  of  water,  supersaturating  the 
liquid  with  SOlpharetted  hydrogen,  and  leaving  the  mixture  for  some  time  in  a 
modfTnt<  ly  w-arm  place  until  p«Tfcctly  rlrar.  Tho  sulphuret  of  arsenic  produced 
may  then  be  separated  by  filtering,  aiul  tlie  filtei-ed  acid  is  to  l)o  boiled  until  all  odour 
of  sulphuretted  hydr»i?on  has  vanished.  Before  putting  by  the  acid  for  subsequent 
use,  it  should  uguin  be  tested,  to  maitc  certain  tliat  it  is  pure. — Ed. 
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B.  AKMONIA. 

{Amaumiaqite.) 

*  Ammonia  is  particularly  used  for  saturating  acid  liquids,  for 
which  purpose  it  is  i)refcrablc  to  the  solution  of  the  fixed  alkahes. 
It  is  likewise  used  for  distingoishing  the  solutions  of  the  salts 
of  alkalies^  of  barytaj  of  strontia^  of  lime^  from  those  of  magnesia, 
alumina,  and  other  earths;  the  latter  being  precipitated  by 
ammouia»  whilst  the  former  arc  not.  It  is  also  resorted  to  for 
the  purpose  of  detecting  protozyde  of  copper  (page  118)  and 
oxyde  of  nickel  (page  80) ;  of  dissolving  chloride  of  silver, 
(page  128),  and  distinguishing  it  from  suhchloride  of  mercury, 
and  from  chloride  of  lead  ;  in  a  word,  to  precipitate  a  multitude 
of  oxydes.  Like  muriatic  acid,  ammonia  is  a  re-agcut  which 
cannot  be  dispensed  with. 

*  Ammonia  must  be  as  clear  as  water;  the  slightest  tinge  of 
brown  indicates  the  presence  of  orgame  mManeeB,  Evaporated 
in  a  platinum  spuon  or  crucible,  it  must  not  leave  the  ^lightest 
residuum,  and  when  saturated  with  pure  muriatic  acid,  the  mix- 
ture  must,  on  evaporation,  yield  a  salt  which  is  completely 
volatilisable  without  leaving  any  carbonaceous  residuum  before 
its  complete  volatilisation.  Ordinarily,  however,  the  purest 
ammonia  being  submitted  to  this  test,  leaves  an  exceedingly 
small  residuum  of  charcoal,  which,  if  it  be  at  all  considerably 
renders  the  ammonia  unfit  for  analytical  research. 

*  Ammonia  is  often  contaminated  by  huriatb  op  amitoiiia, 

SULPHATE  OF  AMMONIA,  CARBONATE  OP   AMMONIA,  CARBONATE 

OF  LiXB  or  of  BABYTA,  CHLOBiDB  OF  CALCIUM ;  sometimcs  also 
it  contains  traces  of  peboxtdb  op  tin,  protoztdb  op  coppbb. 
If  then  it  be  supersaturated  by  pure  mirie  add,  and  tested  by 

soiutiuii  of  nitrate  of  silver,  a  white  precipitate  of  chloride  of 
silver  will  indicate  the  presence  of  muriate  of  ammonia.  If, 
after  supersaturating  the  solution  of  ammonia  by  either  nitric  or 
by  muriatic  acid,  the  further  addition  of  elkhride  itfbanim  and 
of  a  sufficient  quantity  of  water  produces  a  white  precipitate,  it 
is  a  proof  that  the  alkali  contains  sulphate  of  ammonia.  If 
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the  ammonia  contains  caebokio  acii>,  which  is  often  the  case 
when  it  has  not  heen  kept  carefully  sheltered  from  the  contact 
of  the  air,  the  addition  of  Ume  water,  or  of  a  solution  cither  of 
chloride  of  calcium  or  of  chloride  of  barium,  will  render  it  turbid, 
owing  to  the  formation  of  carbonate  of  lime,  or  of  baryta '. 
Ammonia  may  sometimes  contain  chioride  qf  calcium,  in  which 
case  it  will  leave  a  residnum  hy  evaporation^  and  be  rendered 
turbid  hy  solution  of  oxalic  acid.  If  it  contain  traces  of  oxyde 
of  tin,  a  residuum  will  be  left  after  the  evaporation  of  a  large 
quantity  of  the  liquor,  which  residuum  being  mixed  with  soda, 
and  reduced  at  the  inteiior  flame  of  the  blow-pipe,  will  yield 
metallic  tin  (page  175).  Ammonia  may  sometimes  contain 
oxTDB  OP  COPPER,  in  which  case,  if  the  quantity  be  not  too 
minute,  the  ammonia  will  have  a  bluish  tinge,  but  the  presence 
of  this  oxyde  may  be  rendered  more  apparent  by  adding  hydro ^ 
nt^»huret  ^ammonia,  which  will  precipitate  sulphuret  of  copper, 
in  which  the  presence  of  even  a  most  minute  trace  of  coppei^ 
may  be  detected  by  means  of  the  blow-pipe. . 


9,  PUBE  HYDRATE  OF  POTASH. 

*  In  the  state  of  solution,  pure  htdbatb  op  potash  serves  for 

the  detection  of  ammonia  in  aramoniacal  compounds  (paj^c  -Zl), 
It  is  also  used  for  separating  and  distinguishing  the  solutions  of 
alumina  (page  44)^  of  oxyde  of  tin  (page  173),  of  oxyde  of  lead 
^page  96),  and  of  a  few  other  earths  and  metallic  oxydes,  from 
that  of  other  bases  which  are  likewise  precipitated  by  potash, 
but  which  arc  not  re-dissolved  by  an  excess  of  this  re-agent. 
Solution  of  hydrate  of  potasli  dissolves  also  a  considerable 
number  of  oxydes,  especiaUy  those  which  behave  like  acids 
towards  the  bases. 

♦  Hydrate  of  potash  in  the  solid  state  seems  to  absorb  certain 
gases,  such  as,  for  example,  carbonic  acid,  chlorine,  sulphuretted 
hydrogen,  &c.   Formerly  it  was  frequently  employed  for  fusion 

>  Of  counto,  if  cliloride  oC  Iwrinm  be  lued,  the  abflanoe  of  snlphniie  add  muet  first 
be  aaoertained.— £d. 

N  N 
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with  certain  oxydes^  especially  those  which  behave  like  acids, 
and  which,  after  ignitioii,  have  become  insoluble  in  muriatic 
a6id:  they  were  thus  converted  into  compounds  soluble  in 
acids.   Now,  carbonate  of  potash  or  qf  soda  is  preferred  in  most 

cases  to  hydrate  of  potash. 

*  Solutiou  of  potaah  may  contain  culoaidb  of  potassium^ 
SULPHATE  OF  POTASBj  and  sometimes  also  nitrate  ov  potash. 
If,  when  supersaturated  with  pure  nUric  acid,  a  solution  of  nUraie 
of  ether  determines  a  white  turbidness  of  chhride  of  ether, 
ciiLouiDE  OF  POTASSIUM  is  prcscTit.    It  is  very  rare,  liowover, 
to  find  potash  altogether  free  from  chloride  of  potassium.  If, 
after  dilutiouj  the  addition  of  chloride  of  ^ortum  renders  it  turbid^ 
SULPHATE  OP  POTASH  isprescut.  Nitrate  op  potash  is  detected 
by  the  methods  already  indicated  (page  231,  &c.).  Frequently 
the  solution  of  potash  contains  nilicie  acid  and  alumina,  which 
substances  may  be  discovered  by  supersaturating  with  muriatic 
acid,  eyaporating  to  dryness,  moistening  the  residuum  with 
muriatic  acid,  and,  after  a  while,  pouring  water  upon  it;  if 
silicic  add  was  present,  it  then  remains  insoluble;  if,  on  the 
contrary,  tlic 'dried  mass,  being  moistened  with  miu*iatic  acid, 
dissolves  completely,  the  conclusion  is,  that  it  contained  no 
silicic  acid.   By  adding  to  the  add  filtered  liquor  an  excess  of 
solution  of  carbonate  of  oimmoma,  the  alumina,  if  any,  is  then 
precipitated. 

*  The  soluti(»n  of  hiidrutc  of  potash  generally  contains  a  little- 
carbonate  of  potaah,  the  presence  of  which  is,  in  most  cases,  of 
no  consequence,  prorided  not  too  abundant,  which  may  be 
recognized  by  the  strong  effervescence  which  is  produced  by 

saturating  it  with  an  acid. 

*  If  the  solution  of  potash  contains  traces  of  limi:,  a  white 
precipitate  of  oxalate  of  lime  is  produced  when,  after  adding  a 
little  water  and  a  solution  of  oxalic  add  to  the  liquor,  the  whole 
is  boiled. 

*  When  solid  potash  is  employed  for  the  purpose  of  absorbing 
gases,  it  is  not  necessary  that  it  should  be  quite  pure. 
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7.  CARHONATE  OF  POTASH. 
( Varhonatt  Pot(U'>i(/iu  .) 

*  Solution  of  carbonate  (^potash  may  be  replaced  by  one  of 
carbonate  of  soda,  which  in  most  cases  acts  in  the  same  manner. 
The  solutions  of  these  alkaline  carbonates  precipitate  a  ^rcat 

number  of  metallic  oxydes,aii(l  all  the  earths,from  the  solutions  of 
tbeir  salts,  by  which  means  many  of  the  hitter  arc  distinguiyhcd 
from  the  alkalies  on  which  the  solution  of  the  alkaline  carbonates 
has  no  action.  In  the  dry  way^  carbonate  of  potash  or  qf  soda 
is  employed  to  decompose  the  compounds  of  sOicic  acid  (])age 
286),  iuid  in  general  the  substances  which  resist  the  action  of  the 
acids.  They  are  also  used  for  separating  certain  acids  from 
certain  earths  and  metallic  oxydes,  especially  when  the  combi- 
nations are  insoluble  in  water;  the  substance  is  fused  with  an 
excess  of  alkaline  carbonate,  and  the  fused  mass  is  treated 
by  water,  which  dissolves  the  and  united  with  the  alkali,  and  also 
the  excess  of  the  alkaline  carbonate,  the  earth  and  the  metallic 
oxyde  being  left  undissolved  when  not  soluble  in  solution  of 
alkaline  carbonate. 

*  Carbonate  of  potash  or  of  soda  yeiy  often  contains  some 

SITLPHATE  OK  ALKALI,  Uud  SOmC  CHLORIDE   OF  POTASSIUM,  Or  of 

SODIUM,  which  may  be  distinguished  by  the  same  means  w  hich 
are  employed  for  testing  the  purity  of  potash.  Carbonate  of 
potash  frequently  contains  silicic  acidj  and  occasionally  also 
traces  of  alumina,  which  may  be  detected  in  the  same 
manner  as  for  tcstinj;  the  pui'ity  of  hydrate  of  potash.  It 
is  very  ditticult  to  procure  carbo/tate  of  jjotajt/i  perfectly  free 
from  silicic  acid ;  as  carbonate  of  soda  does  not  contain  any,  it  is 
employed  in  preference.  Sometimes,  however,  carbonate  qf  soda 
contains  small  quantities  of  svlphitrbt,  of  svlphite,  or  even 
of  HYPOSULPHITE  Of  SODA.  Thc  prcsoncc  of  a  free  alkaline 
sui«PHURET  is  recoguii&able  by  the  odour  of  sulphuretted  hydro- 
gen, which  is  disengaged  by  supersaturating  a  large  quantity  of 
the  salt  by  an  add ;  if,  on  the  contrary,  the  odour  is  that  of 

N  N  2 
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sulphurous  acid,  it  may  be  owiny:  to  the  presence  of  a  si'LFuiii 
or  of  a  UYro8ULruiT£  of  soda;  the  presence  of  the  latter  i 
aubstanoe  is  acoompttnied  by  a  aepaiatioii  of  sulphiir.  Veiy 
minate  traces  of  htposulphitb  or  soda  may  be  detected  by 
adding  a  little  mtraie  1/  aUver  to  the  scdution,  and  then  dlliite 
nitric  acid  to  re-dissolvc  the  precipitate;  the  liquor  assume:* 
then  a  brownish  tinge,  due  to  a  production  of  siilphuret  of  siItw 
(page  216)^  which,  after  a  short  time,  is  precipitated  in  the  fona 
of  a  brownish-black  deposit. 

8.  CARBONATE  OF  AMMONIA. 
(Cdirftonafe  AmaMMMWol.) 

*  The  solution  of  carbonate  oj  ammonia  may,  in  most  cases,  be 
employed  like  that  of  carbonate  of  soda  or  of  potash.  Thete 
are,  however,  many  instances  in  which  carbonate  of  ammonia 
must  be  preferred,  as,  for  example,  for  the  purpose  of  separating 

the  earths  from  the  alkalies,  and  for  dissolving  glucina  and 
other  bases. 

*  Like  ammonia.,  carbonate  qf  ammonia  often  contains  Mfj&iAn 

OP  AMMONIA,  SULPBITB  OP  AMMONIA,  Snd  ORGANIC  BUB8TANCBS; 

all  uf  wliieh  substances  may  be  detected  in  the  same  nutiiiier  a> 
in  ammonia.  Pure  carbouate  of  ammonia  should  evaporate 
without  residnum  when  heated  in  a  platinum  crucible  or  spoon.  If 
it  contain  any  cabbonatb  op  lbah,  a  residuum  of  ozyde  of  lead 
will  then  be  left ;  the  same  would  be  the  case  with  a  salt  op 
LIME.  AVheu  a  pluuibiferous  amiuouiacal  carbonate  is  treated 
by  water,  the  carbonate  qf  lead  remains  undissolved. 

9.  SULPHURETTED  HYDROGEN. 

*  The  aqueous  solution  of  sulphuretted  hydrogen  gas  is 
generally  used  in  chemical  analysis.  Yet  sometimes  it  ia  better 
to  pass  the  cunent  of  the  gas  itself  through  the  liquor  under 
examination.  Sulphuretted  hydrogen  is  a  inost  important  and 
infiJlible  re-agent  for  detecting  the  metallic  oxydes.  Consider- 
ing that  some  metallic  oxydes  are  precipitated  by  it  from  their 
ACID  solutions,  whilst  other  metallic  oxydes  are  precipitated  by 
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it  only  from  their  alkaltxe  solutions,  whilst  the  alkalies  and 
EARTHS  are  not  precipitated  by  it  at  all^  it  is  advisable  to  ground 
the  systematic  course  of  analysis  npon  tlie  behavionr  of  the 

different  substances  towards  sulphuretted  hydrogen  or  towards 
iKydromlphuret  of  ammonia.    We  have  treated  of  this  re-agent 
most  minntely  in  the  first  part  of  this  Tolume,  and  again 
presented  a  summary  table  of  its  reactions  at  page  471.  The 
solution  of  sulphnretted  hydrogen  employed  in  qualitative 
analysis  mast  be  as  saturated  as  possible;  it  is  nccessaiy  to 
preserve  it  iii  well-corkcd  flasks  of  moderate  size^  because  by 
exposnre  to  the  air  it  is  often  decomposed^  and  becomes  nnfit 
for  nse'  (page  448).   As  this  re-agent  is  always  prepared  by 
the  operator,  it  cannot  contain  any  foreign  matter. 

*  When,  in  preparing  the  solution  of  sulphuretted  hydrogen, 
the  current  of  the  gas  disengaged  from  the  mixture  of  snlphuret 
of  iron^  and  dilute  sulphuric  acid  is  too  rapid^  the  gas  may 
carry  off  with  it  small  portions  of  sulphuric  acid  and  of  proto- 
snlpiiate  of  iron,  and  the  liquor,  which  then  produces  a  black 
precipitate  of  sulphuret  of  iron  when  ammonia  is  added  to  it, 
may  be  a  aouxee  of  numerous  errors  in  qualitative  analysis'. 

*  The  best  way  of  keeping  aqueous  Bolution  of  sulphuretted  hydrogen  for  a  long 
time  ia,  iminedistoly  «flw  hATing  prepared  »  eoUTanittit  quantity  of  it,  to  poor  it 
iatommailMr  oC  mall  phisli^  eontaiidDg  •boat  »  qntrler  of  m  pto1»  to  eork  tfMm 
0oundly,  and  to  invort  them  into  tnmbhn  or  ▼omclB  fidl  of  water, — ^En, 

^  l%o  foUowing  apponklao  ohoiild  Uiefofove  bo  olnifjrs  employed  i-^ 


a  H  abottfo  oonteinlng  tbe  mixtmw  oT  nlplraret  of  iron  and  ndfiliiiric  Mid ;  6  is  the 


550  UE-AOENTS. 

lu.  ilVDUOSULPHURET  OF  AMMONIA. 
{isidj hydrate  Ammoniquc.) 

*  HydrotuipAuret  of  ammonia  is  used  instead  of  sulphuretted 
hydrogen  for  precipitating  the  inetaUic  oxydes  from  neutral  or 
from  alkaline  solutions. 

*  The  ammonia  must  be  saturate  d  by  sulpburctted  li\  drogeii 
gas  as  mucli  as  possible'.    The  gas  must  be  paiised  tlirough 
a  solution  of  ammonia.    The  solution  of  ammonia  should  be 
previously  diluted  with  three  or  four  times  its  bulk  of  water. 
When  this  re-agent  is  kept  in  badly-corked  flasks,  or  when  the 
flasks  which  contain  it  arc  too  frequently  opened,  it  turns 
yellow,  and  if  left  for  a  long  time  exposed  to  the  air,  it  becomes 
partially  converted  into  hyposulphite  of  ammonia,  and  can  no 
longer  be  used  as  a  re-agent.  If,  when  an  excess  of  muriatic  acid 
is  poured  in  hydrosulphuret  of  ammonia,  a  very  abundant  white 
precipitate  of  sulphur  is  formed,  the  rc-a^aiit  is  no  longer  fit  for 
use ;  but  if  this  precipitate  is  not  very  abundant,  and  if  its  forma- 
tion is  at  the  same  time  aceompanied  by  a  copious  disengage- 
ment of  sulphurettedhydrogen,the  re-agentmay  still  be  employed. 
If,  during  the  preparation,  the  cuxrent  of  sulphuretted  hydrogen 
disenpfagcd  from  a  mixture  of  sulphuret  of  iron  and  of  dilute 
sidphuric  acid   lias  been  too  rapid,  the   hydrosulphuret  of 
ammonia  obtained  will,  after  some  time,  deposit  black  flakes 
of  sulphuret  of  iron If  this  re-agent  be  kept  in  bottles,  the 


funnel  for  pouring  the  acid  ;  c  is  s  snuJl  bottlo  hnlf  full  of  water,  for  washing  the 
Sttlpbiiretted  hydrogen  gas  disengaged ;  c^iss  Iscger  bottle,  tfue»>qinrtais  filled  with 
distilled  water,  which  has  been  pMvioasly  boilsd  to  free  it  from  air,  and  whieh  mnsl 

be  as  cold  as  poesible.  The  disengagene&t  must  be  continued  until  tlic  ^^-ater  is 
Hattimte«],  which  may  at  once  he  known,  says  Dr.  Frosonius,  by  closhig  the  mouth  of 
tho  hottlc  rf  with  the  thunih,  and  stronjjly  shaking  the  contents.  If  the  thumb  be 
Hi'iitly  pushed  off,  the  water  Ls  saturated  ;  if,  on  the  eontniry,  it  be  suoko<l  in,  the 
dii»engagemcnt  must  be  continued.  When  a  liquid  lias  to  bo  tested  by  a  current  of 
Bulphorefcted  hydrogen  gas,  the  same  apparatne  should  be  employed,  mbstitutiog  a 
beaker  eontainiDg  the  liquid  under  examinatien  for  the  bottle  d, — ^Ed. 

*  This  is  linowa  to  be  the  case  when  the  addition  of  solution  of  sulphate  of 
raagncBia  ceases  to  prodaee  a  precipitate  in  the  mixture. — Ed. 

3  This  may  be  prevented  by  using  the  apparatus  mentioned  in  note  2,  page  549.— >Eow 
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grlass  of  which  contains  much  oxyde  of  lead,  a  black  precipitate 
of  sulphuret  of  lead  will  in  course  of  time  be  formed 

11.  CHLORIDE  OF  BARIUM. 

(Chhrure  Barytiquc.) 

Thb  solation  id  chloride  (^barium  is  used  not  only  to  detect 
sulphuric  add  and  the  solutions  of  sulphates  (page  202)^  hut 
likewise  to  precipitate  a  very  great  number  of  adds^  which  form 

with  baryta,  salts  which  are  insohible  in  water.  There  are  but 
few  cases  in  which,  instead  of  the  solution  of  chloride  of  barium, 

« 

MiTBATB  or  ACETATB  OF  BARYTA  are  employed.  Acetate  of 
baryta  is  more  especially  resorted  to  for' separating  magnesia 

from  the  alkahes. 

*  Chloride  qf  barium  aud  nitrate  of  baryta  are  seldom  impure ; 
they  may,  howerer,  contain  veiy  small  portions  of  chlomdb  op 
STRONTIUM  and  of  NITRATE  ov  STRONTiA,  which  may  he  detected 
by  digesting  these  salts  in  alcohol,  which  would  then  hum  with 
a  red  flame.  If  the  chloride  of  barium  be  yellow,  it  may  be 
owing  to  the  presence  of  perc  h  loride  or  iron.  If  it  powerfully 
attracts  moistore  from  the  air,  it  contains  chloride  of  calcium. 

Both  the  banjiic  ehhride  and  nitrate  should^  howerer,  dis- 
Holve  completely  in  water,  and  yield  a  limpid  solution.  It 
must  not  be  rendered  turbid  by  addition  of  ammonia  ^  and 
after  being  mixed  with  an  excess  of  sulphuric  add,  and  sepa- 
rating the  precipitate  by  filtering,  the  filtered  liquid  must  not 
leave  the  slightest  fixed  residuum  after  evaporation  to  dryness ; 
should  one  be  left,  it  would  be  a  proof  that  the  barytic  salt 
contained  a  salt  of  alkali. 

*  Acetate  of  bartta  yields  sometimes  with  water  a  solution 
which  is  not  perfectly  clear.   It  contains  sometimes  muriatic 

1  Salphui'et  of  potassium  is  used  for  WpMrnlflig  copper  in  fha  Stete  of  Bulphuret  of 
coppt  r,  instead  of  h>f<lr<mi1i^ur(t  of  atkmOMO,  in  which  IftttOT  rMigent  it  is  slightly 
M>luble.   Solution  of  $ulpkwrtt    pouurium  mast  always  be  prepsnd  frasb  for  the 

occajBion.— En. 

'Nor  bjr  hydi-osulphurot  of  ammonia,  nor  by  sulphurtttcd  hydrogen  ;  and  it  must 
be  perfiMtl/  neutral  to  test  paper.  TheMu  tests  are  the  same  for  nitraic  of  baryta  ; 
bat  ill  the  tetter  CMS  tbe  additioBor  nitrate  of  silver  to  Its  solatien  most  not  prodoee 
any  white  preeipitaCe  or  tarbidnev  of  ehloride  of  sfl^er^  wbieli  woold  indieaCe  the 
pvtMuee  of  mmiatie  add.— Eo. 
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ACio^  which  then  renders  it  unfit  to  be  need  as  a  [speciaT 
re-agent,  partieolarly  for  separating  the  alkalies  from  ma^esia. 
The  presence  of  muriatic  acid  is  detected  by  dissolving  the 
acetate  in  a  very  large  quantit}^  of  water^  and  adding  to  the 
liqnor  a  little  pure  nitric  add  and  nitrate  of  Bilver,  which  will 
produce  a  pred  itate  of  chloride  of  ailrer. 

12.  NITRATE  OF  SILVER 
(NUmti  ArgmUqtie.) 

*  Solution  of  nitrate  of  silver  serves  principally  to  detect 
muriatic  acid  and  the  solutions  of  metallic  chloridcM  (pag« 
420).  It  is  used  also  for  the  detection  of  many  acida  which 
form  with  oi^de  of  silver  ocnnpoonds  which  are  inaohible  or 
sparingly  soluble  in  water,  such  as  bromic  acid  (page  255\ 
iodic  acid  (pa^^c  250),  ]>ho»phoric  acid  (page  262),  boracic  acid 
(page  280),  arsenic  add  (page  833),  arsematu  acid  (fiB^  Ml), 
hydrobromie  acid  (page  426),  and  the  solutions  of  metalHe  tro- 
fnides  (page  426),  hydriodie  acid  (page  481),  and  the  aolutiom 
of  metal  lie  iodides  (page  481). 

*  In  a  few  rare  cases,  however^  sulphate  and  acstats  op 
8II.VBB  are  employed  instead  of  the  nitbatb  \ 

*  The  solution  of  nitrate  of  silver  must  not  turn  bluish  by 
addition  of  ammonia,  which  would  indicate  the  presence  of 
oxYDE  OF  COPPER.  If  the  silver  be  precipitated  from  the  solu- 
tion in  the  state  of  chloride  of  silver  by  means  of  muriatic  acid, 
the  liquor  filtered  ftom  this  ptedpitate  bdng  evaporated  in  a 
porcelain  [or  watch-glass]  eapstUa  must  leave  no  fixed  resi- 
duum which  is  the  case  when  the  fused  nitrate  of  silver  has 
been  adulterated  with  nitrate  of  alkali 


'  We  may  ftirther  mention  hero  amopi]:fit  tliosc  re-agents  tlie  AMMORIO-nmAiX 
OF  SILVER,  which  is  used  for  the  detection  of  arsenic. — Ed. 

^  Tlie  filtered  liquid  hero  meuUoned  should  not  bo  precipitated  or  coloured  bjr 
sulphuretted  hydrogen. — Ed. 

'The  preaenoe  of  ailnta  of  potash  inayabo  be  detected  by  heiOu^ 
of  Ihe  mspeetod  nitniie  of  rilvwbefofo  tiie  Uow-pipe  upon  dMnoal, whieh  will  mam 
adea«gntioo*Mid«lMporlioaoiiwliieii  it  hMteksiiplMeicMtoacnHlw  an  alkali 
Sometimes  also  nitrate  of  silver  is  adulterated  by  nitrato^rf  lead,  which  may  bosMillf 
detected  by  adding  aalphurio  acid,  wbidi  will  pradpitale  the  kad  in  the  atats  of 
sulphate. — ^£0. 
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13.  MURIATE  OF  AMMONIA. 
{Cklorure  Amvumique.) 

*  Thb  solution  of  mtriaie  of  ammonia  is  employed  to  prevent 
tlie  predpitation  of  some  bases^  sucli  as  mt^fneria,  proiaxyde  qf 

manganese f  oxyde  of  zinc,  oxyde  of  nickel,  oxyde  of  cobalt,  &c., 
by  ammonia  or  by  tlic  solutions  of  the  fixed  alkaline  carbonates, 
so  as  to  be  able  to  separate  these  substances  from  other  bases. 
It  is  also  sometimes  used  in  quaUtative  analysis  to  precipitate 
ithmUna  from  its  solution  in  potash  (page  44)^  and  likewise  to 
precipitate  pUtHmm,  tHdiMm,  &e. 

*  If  munate  of  ammoma  be  not  at  hand,  the  same  result  may 
be  obtained  by  acidifying  the  solution  uuder  examination  with 
muriatic  acid  and  then  adding  ammoma 

*  In  most  cases  other  salts  of  ammonia  may  be  substituted^ 
but  muriate  of  ammonia  is  the  least  expensive. 

*  Muriate  of  ammoma  sometimes  contains  sulphate  of 
ammonia,  which  may  be  detected  in  the  solution  of  the  salt  by 
means  of  a  solution  of  chloride  of  barium.  Yet^  in  most  cases,  the 
presence  of  sulphate  of  ammonia  is  of  no  consequence  in  quali* 
tative  analysis.  The  sal  ammoniac  may  also  contain  chloride 
of  sodium,  or  sulphate  of  soda,  or  of  magnesia.  These  impurities 
are  detected  by  heating  a  small  quantity  of  the  salt  upon  a 
platinum  spoon  or  crucible,  which  will  then  leare  a  residuum. 
If  before  the  complete  TolatiHsation  of  the  salt  an  abundant 
residuum  of  charcoal  be  observed^  it  is  a  proof  of  the  presence 
of  organic  matter.  That  of  bromide  of  ammonia  is  detected  by 
means  of  the  aqueous  solution  of  chlorine  and  ether  (page  427). 
The  presence  of  metals  is  easily  detected  by  sulphuretted 
hydrogen^  and  hydrosulphuret  of  ammonia*. 

'  Not  only  is  the  samo  result  thus  obtained  as  liy  using  a  solution  of  muriate  of 
ammonia,  but  if  tliere  be  much  free  ncid  iu  tlie  solution  of  tlio  subetanoc  under 
examination,  tlte  addition  of  ammonia  will  create  a  sufficient  quantity  of  muriate  or 
of  other  ammomacal  a$lt,  aod  render  the  addition  of  the  solution  of  iSbtt  miriito  or 
other  Hilt  of  ammonift  aapafluoiia.— Ed. 

*TIm  Mlation  of  mnriato  of  ahoald  bo  pofeetlgr  seatnl  to  teot  jmfvm, 

udnot  predpltfttad  or  acted  upon  by  hydroeolplraret  of  amnumia. — Ed. 
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14.  OXALIC  ACID. 

(Aeide  Oaealique.) 

*  Instead  of  tlic  solution  of  this  acid,  tli;it  of  binoxalate  of 
roTASH  of  commerce  (sorrel  salt)  may  generally  be  used.  Tlie 
employment  of  the  pure  add  is  required  only  in  a  small  number 
of  circumstances.  It  is  useless  in  qualitative  analysis  to  have 
OXALATE  or  AMMONIA  prepared  beforehand^  because  it  may 
always  be  very  easily  produced  by  adding  a  slight  excess  of 
ammonia  to  the  solution  of  oxalic  acid.  The  solutions  of  the 
oxalates  serve  principally,  in  certain  cases,  to  detect  lime  in 
the  salts  which  are  soluble  in  water  (page  35),  but  th^  are 
also  employed  to  precipitate  several  metallic  oxydes. 

*  The  BiNOXALATE  OF  POTASH  of  commerco  may  be  adulte- 
rated by  tartrate  of  potash,  or  may  contain  organic  impimtics. 
The  easiest  method  of  testing  consists  in  boiling  a  portion  of  it 
with  concentrated  sulphuric  add,  by  which  it  is  decomposed 
and  dissolved  under  disengagement  of  gases  (page  389).  If  the 
solution  thus  obtained  remains  colourless,  the  salt  is  pure ;  but 
if  it  turn  brown  or  black  by  a  prolonged  ebullition,  and  il^  a 
distinct  odour  of  sulphurous  add  is  evolved,  it  indicates  the 
presence  of  tartaric  add  or  of  other  organic  substances.  Bin^ 
ospaiate  of  potash  is  known  to  be  mixed  with  bimdphate  of  potash 
w  hen  the  solution,  being  treated  by  chloride  of  barium  and  a 
little  free  muriatic  acid,  yields  a  precipitate  of  sidphate  of  baryta. 
Binoxaiate  of  potash  being  decomposed  by  heat  must  leave  a 
residuum  of  carbonate  of  potash,  which  is  ndther  pure  white 
nor  black,  but  of  a  greyish  colour. 

*  The  presence  of  m'ganic  substances  in  oxalic  acid  may  be 
detected  by  sulphuric  acid  in  the  same  manner  as  in  binoxalate 
of  potash.-  If  it  contain  sulphuric  add  it  may  be  detected  by 
diluting  its  solution,  and  adding  thereto  a  dilute  solution  of 
chloride  of  barium,  which  in  that  case  will  produce  a  predpitate 
of  sulphate  of  baryta,  which,  however,  rcijuires  some  time  for 
its  predpitation,  when  only  feeble  traces  of  sulphuric  add  are 
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present.  Oxalic  acid,  when  heated  in  a  platinum  cnicible  or 
spoon,  mutt  TolatUiae  completely,  duriiig  which  it  is  partly 
decomposed :  it  must  not  tnm  black  before  complete  e?apora- 

tion,  nor  leave  anv  fixed  residuum.  Pure  oxalic  acid  does  not 
become  moiat  by  exposure 

14.  PHOSPHATE  OF  SODA. 

*  Solution  of  phosphate  of  soda  is  principally  used  for  the 

ih'tcction  of  magnesia  (pa^jc  40),  and  for  distinguislnug  it  in 
acid  solutions  irom  the  alkalies ;  it  serves  likewise  to  precipitate 
the  earths  and  many  metallic  oxydes. 

^  Phosphate  of  soda  is  often  contaminated  by  nUphaie  of  soda, 
the  presence  of  which  is  very  easily  ascertained  by  addinj^  some 
muriatic  or  nitric  acid  to  the  dilute  solution  of  tlie  salt,  and  then 
a  solution  of  a  baryta  salt,  which  produces  a  white  precipitate  of 
aolphate  of  baiyta.  The  presence  of  chkride  qf  sodium  is  shown 
by  the  precipitate  of  chloride  of  silver,  which  a  solution  of  nitrate 
of  silver  determines,  after  acidifjdng  the  solution  under  exami- 
nation with  nitric  add.  If  phosphate  of  soda  is  contaminated  by 
carbonate  of  soda,  the  presence  of  the  latter  is  rendered  manifest 
by  moistening  the  salt  with  a  little  water,  and  pouring  an  acid 
tliercon,  which  will  cause  a  disengagement  of  carbonic  acid  gas. 
When  a  solution  of  carbonate  of  soda  renders  one  of  phosphate 
of  soda  turbid,  especially  with  the  help  of  heat,  it  is  a  proof  that 
the  latter  is  contaminated  by  an  earthy  base.  Sometimes 
phosphate  of  soda  may  contain  some  arsenic  or  arsenious  acids^ 
in  which  case  its  solution,  after  addition  of  muriatic  acid,  }^eld8, 
by  treatment  with  sulphuretted  hydrogen,  a  snlphuret  of  arsenic 
in  which  metallic  arsenic  must  be  sought  for  (page  947). 

*  Pure  jdiosphate  of  soda  fuses  at  a  red  heat  into  a  limpid 
bead^  which  becomes  like  an  enamel  on  cooling. 

'  Oxalic  acid  fivqucntly  conUuns  nitric  acid.  This  impurity  is  detected  becatiiio 
ilic  solution,  when  boiled  with  %  aaaU  quantity  of  solph»t6  of  indigo,  ii  then 
decolorised. — Ed. 
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*  Phosphate  of  soda,  after  exposure  to  alow  red  heat^  yields  a 
■olation  which  in  some  respects  behaves  in  a  manner  different 
from  that  of  the  nnealdned  salt^  especially  towards  solutioii  «if 

nitrate  of  silver  (page  262).  It  is  advisable,  therefofre^  to  teat 
this  salt  with  solution  of  silver,  in  order  to  acquire  the  proof, 
by  the  fonnation  of  the  yellow  precipitate,  that  it  has  not  been 
calcined*, 

16.  CHLO&IDE  OF  PLATINUM. 
[bi  or  pncBLoaiDB  op  mxiiiuii.] 

*  The  concentrated  aqueous  solution  of  platinum"  is  used  only 
as  a  test  for  potash  (page  4)  and  ammonia  (page  20). 

*  This  re*8gent  is  usually  prepared  by  the  operator  by  dis- 
solving platinum  foil,  or  spongy  platinum,  or  pieces  of  platinnm 
crucibles,  or  other  utensils  out  of  service,  in  aqua  regia.  The 
solution  is  to  he  evaporated  almost  to  dr}mess,  in  order  to  expel 
most  of  the  free  acid ;  the  mass  is  then  dissolved  in  a  amali 
quantity  of  water,  and  filtered. 

*  Although  it  is  advantageous  in  many  cases  to  employ  an 
alcoholic  solution  of  chloride  of  platinum,  yet  it  is  better  to 
preserve  it  in  the  state  of  concentrated  aqueous  solution,  because 
the  other  becomes  decomposed  in  course  of  time,  and  when  it  is 
wanted,  alcohol  may  be  used  instead  of  water  to  dissolve  the 
combination  under  examination,  or  to  dilute  the  solution, 
especially  if  the  compound  be  soluble  in  alcohol. 

17.  HYDROFLITOSILICIC  ACID. 

{AdfU  SUici^uorhydngue.) 

*  Hydbofluosilicic  ACin  is  used  as  a  test  for  <ltafci*igitMiiing 
barfta  from  Ume  and  from  t^nmtia  (pages  24—86—30).  In  this 

ilfMBiiMiiiabeaddadtoaflolntiimof  pboiplMleof  Mdkya^  %mk  be  applied,  it 

must  not  become  turbid  ;  and  the  pNeipltetM  prodooed  by  the  aolutioii  of  diloride 
of  barium  and  of  nitrate  of  silver  nnut  be  compl0lel|y  adubla  in  dUnlB  oitrie  Mid, 

otherwise  a  sulphate  or  a  chloride  is  present  — En. 

'  This  solution  oonaasts  generally  of  one  part  of  chloride  in  eight  or  ten  parts  of 
water. — Ed. 
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respect  it  is  a  re-agent  that  caimot  be  dispensed  with,  as  uo  other 
can  replace  it.  Sometimes  it  is  resorted  to  as  a  test  for  potash 
(page  4»). 

*  This  re-agent  is  ordinarily  prepared  by  the  operator  by 

causin*^  a  current  of  lluosilicic  gas  to  pass  through  water,  but 
in  order  to  prevent  the  glass  tube  from  being  stopped  by  the 
silicic  acid  [hydrated  silicic  acid],  which  separates,  the  tube  must 
plunge  into  a  sDnall  quantity  of  mercury  placed  at  the  bottom  of 
the  water.  The  silicic  acid  may  afterwards  be  separated  by 
tUteriug,  and  the  filtered  hquid  is  employed  as  re-agent. 

1«.  f ERROCYANIDE  OF  POTASSIUM^ 

^  Solution  of  fbbroctanidb  of  fotassivm  is  used  for 

detecting  many  metallic  oxydes,  but  more  especially  jjero  njde  of 
iron  (p;i^e  90)  and  o{  copper  (pu'res  117 — 120).  Yet,  for  reasons 
which,  have  been  given  before  (page  4ib8)|  it  is  not  to  be  depended 
upon  except  under  certain  conditions. 

*  The  ^^rrocyanufe  nf  pota»mm  of  commerce  contains  some- 
times sulphate  of  potash,  the  presence  of  which  may  be  detected 
in  the  dilute  solution  of  the  salt  by^  the  precipitate  of  sulphate 
of  bary  ta  which  an  addition  of  a  barytic  salt  determines  then 
in  it.  The  crystals  of  this  salt  must  be  of  a  lemon*yellow  colour, 
soluble  in  aloohoL 

19.  FERRICYANIDE  OF  POTASSIUM. 

{Cyawmt  Ptrrvoofotamiqm.) 

*  The  solution  of  ferricyanide  of  potassium  is  used  especially 
as  a  test  for  protoxyde  qf  iron  in  a  solution  which  contains 
peroxyde  troft  at  the  same  time  (page  93).  It  may  also  be 
employed  as  a  test  for  many  other  metallic  oxydes,  yet^  for  rea^ 
sons  which  have  been  developed  before  (page  489),  it  is  to  be 
trusted  onlv  under  certain  conditions  '. 

*  The  reasons  are  summarily,  that  both  the  fcrro  and  the  ferricyanide  of  potassium 
are  partially  decomposed  when  mixed  with  Huiutiomi  of  Hti'uug  acids,  in  couiRquence 
of  whieb  Pmiiiaii  Uue  ia  foniiad  st  the  expenae  of  Hm  ve-«gmit  itnlf,  bydrocyauic 
add  being  at  tfw  mow  time  diiengagedL— £d. 
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20.  CHLORIDE  OF  C  ALCIUM. 
(fihlontrt  Oaieiftte.) 

Thi  solution  of  chloride  of  calcium  is  rarely  used,  iat 

example^  for  prccipitatiuji^ /^//o.v/^Aor/V  acid,  but  it  may  very  well 
be  replaced  by  a  solutiou  of  chloride  of  barium. 

*  The  solution  of  chloride  of  calcium  is  pure^  if  it  yield  no 
precipitate  with  ammonia^  for  if  one  be  produced,  it  ia  a  proof 
of  the  presence  of  phosphate  of  Ume,  or  other  analogous  sub- 
stances. AVhen  the  solution,  being  mixed  with  animoiiia, 
becomes  slightly  turbid,  and  if  the  addition  of  hydrosulphuret 
of  ammonia  renders  it  blackish,  it  is  a  sign  of  the  presence  of 
perchloride  of  iron,  or  other  metallic  componnds 

21.  ACETATE  OF  LEAD. 

[ksotbai.  AfSRAn  or  lbad.] 

The  solution  ot  lu  utral  acktate  of  lead  is  sometimes  used 
as  a  test  for  phosphoric  acid  (page  262). 

*  There  are  a  few  cases  in  which  nitrate  or  liad  is  used  in 
preference. 

*  The  acetate  of  lead  of  commerce  sometimes  contains  acetate 
of  lime,  which  is  detected  as  follows  : — To  the  solution  of  the 
acetate  of  lead  add  a  solution  of  sulphuretted  hydrogen  until 
the  whole  of  the  oxyde  of  lead  has  precipitated  in  the  state  of 
sulphuret  of  lead ;  the  Ume,  if  present,  may  then  be  detected  in 
the  liquid  filtered  from  the  sulphuret  by  supersaturating  it  with 
ammonia,  and  adding  a  solution  of  oxalic  acid,  or  of  biuoxalate 
of  potash,  which  determines  a  precipitate  of  oxalate  of  lime.  If 
ikfter  saturating  the  filtered  liquid  with  ammonia,  hydrosulphu- 
ret  of  ammonia  be  then  added,  and  a  black  precipitate  be  then 
formed^  it  imx  sulphuret  of  iron  which  indicates  that  the  salt 

'  Tlic  solution  '.f  oliloridc  nf  rnlrium  should  not  cvulvt-  any  amnionia  when  tnixcnl 
with  hydrate  of  yot&sli  or  of  lime,  and  it  should  be  perfectly  neutral  to  te«t  fittpm. 
—Ed. 
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under  examination  was  contaminated  by  troii.  If  the  solution 
of  the  salt  becomes  bluish  when  saturated  by  ammonia,  it  is 
a  sign  of  the  presence  of  cftpper, 

*  The  employment  of  the  basic  acetate  of  lead  is  rare 

22.  PROTOSULPUAT£  OF  IRON. 
(S^faiU  Ferrtux,) 

*  Recently  dissolved  in  water,  it  is  used  as  a  test  for  gold 

(page  170),  fiifrir  acid  (pa^re  233),  and  nitrous  acid  (page  240). 

*  When  the  solution  contains  a  httlc  peroxyde  of  iron^  which 
is  always  the  case  if  care  has  not  been  taken  to  shelter  it  alto- 
gether from  the  contact  of  the  air>  it  may  be  detected  by 
means  of  hydrocyanic  acid  {\m^e  484). 

*  The  protosulphale  qf  iron  of  commerce  (green  copperas) 
frequently  contains  proiosulphate  qf  copper  (blue  copperas)^  wl- 
phate  qfzine  (white  coppefas)^  tu^hate  of  moffnena,  and  other 
sulphates,  the  presence  of  which,  however,  is  not  objectionable 
in  most  qualitative  aiialy^ics ;  but  no  trace  of  these  impurities 
can  of  course  exist  in  a  salt  prepared  by  the  operator  himself, 
by  diMolving  iron  in  dilute  sulphuric  add ;  the  sulphate  of  iron 
which  results  from  the  re-action  of  dUute  sulphuric  acid  upon 
sulphuret  of  iron  in  the  preparation  of  sulphui*etted  hydrogen,  is 
also  very  pure. 

2S.  PROTOCHLORIDE  OF  TIN, 

(Chlo)'ure  Stanneiur.) 

*  The  recently-prepared  solution  of  pkotochloride  of  tin, 
to  which  enough  muriatic  add  is  added  to  render  it  dear,  is 
used  as  a  test  for  oof^de  of  gold  (page  171),  and  also  to  reduce 
certain  metallic  oxydes  of  easy  reduction. 

*  The  protochiaride  of  tin  of  commerce  contains  often  a  small 
quantity  of  peroxyde  of  tin,  which  does  not  completely  dissolve 
when  the  salt  is  prepared  with  veiy  dilute  muriatic  add,  in 

'  This  rMigent  i»  more  especially  used  for  detecting  tulpkmttkd  hydroffett,  for 
wUeh  it  it  •  nore  wMitiw  teiC  than  ttw  nentral  Mel»t».~Eo. 
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which  case  it  is  to  be  separated  by  filtering.  A  small  quauti^' 
of  this  ozyde  is  not  objectionable  in  qnalitatiTe  analysis  ^ 

*  Treated  by  a  small  quantity  of  water  and  a  large  ezoeaa  of 

h}  drusuiphuret  of  ammonia,  protocliloride  of  tin  must  diseolte 
completely  (page  179) ;  if  a  black  metallic  sulphuret  remains 
undissolved,  it  may  be  su^huret  of  lead,  of  iron,  kc. 

*  The  solutions  of  protosulpbate  of  iron  and  of  protocbicHide 
of  tin  sre  rery  liable  to  become  unfit  for  use  on  account  of  their 
absorbing  oxygen,  wherefore  they  should  only  be  prepai  ed  i>hortly 
before  they  are  wanted. 

34.  ALCX>HOL. 
(Jleooi.) 

*  Alcohol  is  used  for  precipitating  sulphate  of  lime  completely 
(page  37)^  to  detect  boracic  acid  (page  280)^  and  for  several 
other  purposes. 

*  It  is  necessary  that  alcohol  should  be  perlectly  firee  from  sll 
foreign  substance^  and  it  must  evaporate  without  any  reaidiram*. 

95.  DISTILLED  WATER. 
(SmdiailUe,} 

*  Distilled  water  is  tlie  most  important  of  all  solvents,  and 
as  it  is  always  used  in  analytical  research,  it  is  necessary  that  it 
should  be  absolutely  pure.  A  few  hundred  grains  of  it  being 
evaporated  in  a  platinum  crucible,  must  not  leave  any  residuum 
whatever.  It  must  not  redden  litmus  paper,  nor  be  rendered 
turbid  by  nitrate  of  silver  [wliich  would  indicate  the  presence 
of  a  chloride].  Sometimes  it  contains  traces  of  sulphate  of  lime, 
in  which  case  it  generally  becomes  turbid  after  a  while  by 
addition  of  chloride  of  barium,  or  a  solution  of  oxalic  acid  and 
ammonia 

'  Sulphuric  acid  should  not  precipitate  ttolution  of  protochloride  of  tin^  nor  rend«r 
St  turbid.— £0. 

*  TIm  impority  of  akdliol  i»  geniitdlj  a  inrii^ 
■]ooliol,aiidiscaIl0doilofgnm«rfnMloa[]ijdi»t«dpr^^  Aleohol 
•hoold  mt  redden  blue  litmiw  p«pw.— Ev. 

*  DiitiO«d  water  aiMiild  iMi  be  randnvd  loiMd  by  Ite 
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90.  TEST  PAPERS. 

*  Litmus,  turmeric,  and  brazil-wood  papers  '. 

SPECIAL  RE-AGENTS. 

*  The  re-agents  enumerated  above  will  snffice  in  most  cases 
of  qualitative  aaalysis.  Those  wMcli  follow  arc  used  principally 
to  examine  more  doeely  one  or  the  other  of  the  eonatituent 
prindpleB  iaokted  by  analysis  firom  the  compound  xmder  exa- 
mination, or  for  Uie  purpose  of  analysing  substances  more  rarely 
met  with. 

1.  CHLORINE. 

*  The  aqueous  solution  of  chlorine  serves  to  detect  bromine 
in  the  solution  of  metaiUe  br<nmde$,  and  hydrobnmic  add 
(page  427).  Sometimes  it  is  resorted  to  as  a  test  for  iodme 
(page  433),  and  for  the  purpose  of  oxydising  certain  substances. 
Aqut'ous  solution  of  chlorine  is  prepared  by  a^^itating  together  a 
mixture  of  gaseous  chlorine  and  water^  and  the  solution  must  be 
kept  in  small  flasks'.  This  solution  must  decolorise  litmus 
paper  and  solution  of  sulphate  of  indi^.  If  a  large  quantity  of 
the  re-agent  is  required  to  produce  the  last  of  these  effects,  it  is  a 

■  Bine  Utmns  pAper  i«  wed  m  a  test  for  addsyiuid  reddened  litmus  paper  Mateet 
fcr  dkilifli^  hj  wliidi  it  is  Nodered  UO0  agidii :  tait  it  alundd  be  reeoUeeled  that 
01H17  or  mClMr  nesriy  all  the  neulnl  nwtaDie  Mdte  re^npon  blue  litmus  paper  as 
an  acid,  and  consequently  turn  it  red  ;  whilst,  on  the  other  hand,  the  alkaline  eartlis 
and  the  8ulplinTvt<»,  as  well  as  the  carbonates  of  alkalies,  re- act  in  the  manner  of 
alkalies,  and  restore  the  blue  colour  of  ro«ldened  litmus  papiT.  The  soluble  salts  of 
boracic  acid  and  other  weak  acids  posbcsa  also  this  i>roperty.  Tunneric  paper  is 
used  as  a  test  for  alkuJieti,  by  which  it  is  turned  brown.  Turmeric  paper  is  maeli 
iMt  senaitive  tliaii  all  other  papers,  and  may  fbrtlier  be  n-aetad  npoo  aa  by  an 
•Ikali,  as  irs  havs  jnst  said  ;  by  the  sulpiiiivets  and  casbonatsa  <^  alkalies,  by 
bonds  add  and  ottwr  sabstanccs.  Braal  wood  paper  b  Ueaded  by  sevefal  adda^ 
andi  aa  salpharoiisacid  and  otlier  substanoes.— En. 

'This  aqueoTi«?  solution  of  chlorine,  besides  hv\n\i  kepi  in  well  stoppered  small 
flasks,  must  further  be  carefully  HhrlterfMl  from  the  influcnci-  of  solar  or  day  light. 
Otherwise  it  will  be  converted  into  a  «lilute  solution  of  muriatic  acid,  because  tlio 
water  ia  decomposed,  its  hydrogen  uniting  with  the  chloriDe  (to  fevni  nmriatio  add), 
whilst  its  ox)rgen  is  sst  fros^Bo. 

O  O 
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proof  either  that  it  does  uot  contain  enough  chlorine^  or  that 
it  has  .gradually  decomposed. 

*  In  certain  cases  chlobidx  of  limb  may  be  used  instead  of 
aqueotu  sobUim  of  chkrine. 

3.  ACETIC  ACID. 

*  AcBTic  acid  is  sometimes  used  for  the  purpose  of  dissolving 

oxydised  substances  wheu  it  is  uuadvii>able  to  resort  to  uitric  or 
muriatic  acid  to  produce  tliat  effect. 

*  It  must  be  moderately  strong,  of  a  specific  gravity  of  about 
1*04.  It  must  be  free  from  mmiatU!  and  from  mlphurie  aeid», 
and  likewise  from  metaUie  bod^  K 

3.  TARTARIC  ACID. 

*  Thb  concentrated  solution  of  tabtabic  acid  serves  to 

detect  potash  (page  6),  and  also  to  distinguiali  it  from  9oda 
(pa^e  10),  from  lithia  (page  16),  and  even  from  ammonia 
(page  20) ;  it  should  not  be  preserved  in  too  large  quantity, 
because  it  easily  turns  mouldy 

*  Tartaric  add  must  dissolve  completely  in  alooliol ;  if  it 
contain  a  salt  of  lime,  alcohol  irill  in  most  cases  fbil  in  dissolving 
it  completely',  and  after  ignition  upon  a  platinum  foil  a  residuum 
will  be  left  after  buruiug  the  carbon  with  the  blow-pipe.  The 
solution  of  tartaric  add,  to  which  a  salt  of  baryta  is  added,  will 
yield  a  precipitate  of  sulphate  of  baryta^  if  it  be  contaminated 

'  Neither  should  it  contain  sulphurous  <icid  nor  nitric  acid  ;  the  latter  tOMj  be 
detected  hy  boiling  with  solution  of  mlpbate  of  indigo  ;  and  if  addition  of  nitrate  of 
barvta  added  to  the  solution  of  ncetic  acid  boiled  with  nitric  acid  produces  a  y>re- 
cipitato,  it  indicaten  the  presence  of  sulphurouB  add.  Aoetic  acid»  if  pure,  must 
evaporate  witiiout  residuum. — Ed. 

*  It  to  dMrefim  better  to  keep  twlMie  add  in  llie  di7  Stele,  «ad  to 
«f  it  when  wanted.  It  is  firequently  need  to  present  tiie  predpitsliMi  ef  ssmal 
metals  by  alkalies,  by  forming  with  ibem  doable  tartrates^wfaidi  are  not  dseomposed 
by  alkaliee. — Ed. 

'  The  mit  of  lime  voAy  be  detected  in  solution  of  tartaric  acid  by  neutralising  with 
ammonia  and  adding  oxalate  of  anunoniay  which  will  then  yield  a  white  precipitate 
of  oxalate  of  liiue. — £d. 
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by  sulphuric  acid;  the  metallic  bodies  which  might  be  found 
mixed  with  it  may  be  detected  either  by  sulphuretted  hydrogen^ 
or  after  saturatiiig  with  ammoniaj  by  hydzoralphuiet  of  anunonia. 

4.  SULPHATE  OF  ALUIONA. 

{Sxdfcde  AhmMque.) 
*  Solution  of  sulphate  of  alumina  is  employed  to  detect 
potash  (page  5),  and  ammonia  (page  21) ;  yet  it  is  a  re-agent 
which  may  be  ahnost  dispensed  with.  The  best  method  of 
preparing  it  consists  in  taking  the  pure  alumina  which  is  obtained 
in  the  qualitative  analysis  of  substances  which  contain  no  potash, 
and  to  poiir  sulphuric  acid  upon  it,  heating  the  whole  until  the 
excess  of  sulphuric  acid  has  almost  entirely  evaporated.  The 
mass  may  then  be  diasolyed  in  a  little  water,  and  filtered.  If  the 
sulphate  of  alumina  thus  obtained  be  too  strongly  heated,  it 
may  lose  part  or  even  all  its  sulphuric  acid,  in  which  case  it  is 
insoluble  in  water. 

5.  NITBOPICIUC  ACID. 

[C4BBAS0TIC  ACIIk] 

*  This  acid  is  used  as  a  test  for  potash :  it  is  the  most  sensitive 
test  for  the  purpose  (page  16). 

6.  SUCCINATE  OF  AMMONIA. 
[mnmuL  idocdiatb  op  ammoiiu.] 

(Siteeinaie  Ammontque.) 

*  The  neutral  solution  of  succinate  of  ammonia  is  sometimes 
used  to  distinguish  baryta  from  stnmHa,  and  from  lime,  when 
hydroflnosilicic  add  is  not  at  hand  (pages  26,  30,  36) ;  but  it  is 
more  especially  used  in  qnalitatiye  analysis  to  separate  small 
quantities  of  protoxyde  of  manganese,  and  of  other  oxydes  mixed 
with  peroa^yde  of  iron, 

*  When  the  liquor  filtered  from  the  persuocinate  of  iron  pro- 
dnoed  contains  abeady  salts  of  fixed  alkalies,  succinatv  of 
SODA  may  be  used  instead  of  succinate  of  ammonia, 

o  o  2 
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*  [Neutral]  atecinate  qf  ammonia  cannot  be  kept  otfaenriae 
tban  in  solution,  for  the  salt  whidi  crjrstaUiaeB  from  a  neutral 

solution  is  an  acid  salt'.  It  is,  however,  advisable  to  prepare  tlie 
neutral  solution  only  in  small  quantities,  because  it  soon  tuma 
mouldy.  Succinate  of  soda,  on  the  contraijr^in  the  cxystaUine 
state,  is  a  neutral  salt. 

*  As  both  $ueei$uUe  of  ammonia  and  succinate  of  coda  are 
prepared  by  tlic  operator,  they  cannot  but  be  pure,  provided  the 
succinic  acid  employed  be  itself  pure.  Pure  succinic  acid  is 
perfectly  soluble  in  alcohol,  and  is  completely  volatilised  by  a 
red  heat  when  placed  upon  platinum  foil.  On  the  contrary,  if  it 
contains  tartaric  add,  a  voluminous  residuum  of  charcoal  is  left. 
Whctlicr  tin;  acid  be  mixed  with  fixed  bodies  or  not  may  be 
ascertained  in  the  same  manner,  such  as,  for  example,  ¥rith 
cu^hate  or  bmoxaUUc  qf  potash.  Treated  by  potash,  no  odour 
of  ammonia  must  be  evolved,  otherwise  this  would  prove  that  it 
contains  an  ammoniacal  salt,  for  example,  muriate  of  ammonia. 
Sucdnic  acid  must  be  almost  entirely  free  from  cmp^Teumatic 
oil,  and  have  a  white  colour.  Its  solution  mixed  with  one  of 
a  persalt  of  iron  must  not  prevent  the  precipitation  of  the  per- 
oxy de  of  iron  by  addition  of  an  excess  of  ammonia ;  for  otherwise 
it  would  prove  the  presence  of  tartaric  acid,  or  of  other  non* 
volatile  organic  substances. 

*  The  BENZOAT£S  OF  Ai«KALi£s  wcrc  formerly  used  occasionally 
to  separate  peroseyde  of  tron,  but  their  employ  is  less  convenient 
than  that  of  the  succinates. 

7.  SULPHATE  OF  MAGNESIA. 
(Sulfate  Magnisique.) 

*  Its  solution,  mixed  with  a  sufficient  quantity  of  muriate  of 
ammonia,  so  that  ammonia  produces  no  precipitate  of  hydrate  of 

magnesia  (page  39),  is  sometimes  used  subsequently  to  an 
addition  of  ammonia,  for  detecting  phosphoric  acid,  especially  in 

*  The  ftdd  ■aediuile  of  «nnnoni»  k  in  erj'stals,  wbidi  ara  mialtflacaUe  in  llie  air, 
and  may  be  naed  instead  of  Ae  nantnl  aaoeinate^  by  neatraUiiQg  ita  aolntieii ;  ftw, 
without  this  precautiOD,  ttie  precipitate  of  penneciiiate  of  IroninNild  diaaolTe  wliilal 
waabingii — £d. 
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solutions  which  contain  sulphuric  acid  at  the  same  time  (pages 
262,  264). 

8.  CHROMATE  OF  POTASH.) 
(Cftivmafe  iVfoMipie.) 

*  Solution  of  chbomate  of  potash  is  used  for  precipitating 
several  metallic  oxydes, 

*  The  chromate  of  potash  of  commerce  may  be  contaminated 
by  sulphate  qfpotmh,  the  presence  of  which  may  be  detected  by 
adding  tartaric  add,  or  else  oxalic  acid  and  muriatic  acid,  and 
heating  the  whole ;  by  which  means  the  chromic  add  of  the  chro- 
mate is  converted  into  green  oxyde  of  chromium,  which  remains 
dissolved  in  the  acids  (page  349),  when,  if  the  green  solution 
contains  any  sulphnric  add,  a  solution  of  chloride  of  barium 
will  produce  a  predpitate  of  sulphate  of  baryta*.  If  the 
ehnmate  of  potash  contain  any  nUraie  of  potash  it  fuses  upon 
ignited  charcoal. 

*  The  yellow  neutral  chromate  of  potash  is  not,  however^  so 
free  from  impurities  as  the  bichbomatb  or  potash,  which  on 
that  account  is  used  in  prefinrence  as  a  test. 

9.  IODIDE  OF  POTASSIUM. 
ilndmrt  Pdamgm,) 

*  Thb  solution  of  iodidb  of  potassium  is  employed  as  a  test 
for  several  metallie  oxydes  in  the  solutions  of  which  it  produces 

precipitates  of  a  characteristic  colour.  I  have,  however,  said  on 
a  former  occasion  (page  431),  that  iodide  qfpotamum  was  not  a 
▼eiy  available  re-agent. 

*  IwSde  qfpoiauium  may  be  fedsified  by  chloride  qfpotasihm 
or  of  sodium,  or  other  metallic  chlorides,  which  impurities  may 
be  detected  by  the  methods  indicated  (page  431).  If  it  contain 
any  iodate  of  potash  it  may  be  detected  as  shown  in  page  432. 
If  it  be  contaminated  by  any  carbonate  of  alkati  the  addition  of 

*  Chromate  of  potash  may  be  tested  at  once  for  sa^^uiric  add  by  nitrate  of  buyta 
and  nitric  iwiid.  It  is  true  tliat  a  precipitate^  of  chromate  of  barj'ta  would  be  formed  ; 
but  chromate  of  baryta  is  Boluble  in  free  nitric  aciUf  whilat  aiilphAto  of  buyta  ia 
perfectly  insoluble  in  it. — £d. 
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an  acid  will  disengage  carbonic  add^  and  it  will  not  completely 
diBflolTe  in  alcohol. 

10.  BICARBONATE  OF  POTASH. 
{BieaHMmak  Pofamque.) 

*  Tbb  Bolntion  of  bicabboit atb  or  potash  and  likewise  that 

of  BICARBONATE  OF  SODA  scrvc  principally  to  distinguish  magnena 
from  alumina  (pages  40 — ^h),  and  likewise  baryta,  strontia,  and 
B$ne  from  proioxyde  qf  manganese,  &c. 

*  When  tiearbonate  ofpota^  oontaiiis  teajearbonaieo/potoMk 
it  deliquesces  by  exposufe.  If  pure,  its  solution  does  not,  in  the 
cold^  produce  any  precipitate  in  one  of  sulphate  of  magnesia. 

11.  SULPHATE  OF  POTASH. 

*  Solution  of  sulphate  of  potash  is  often  used  instead  of  tUbUe 

sulphuric  acid'  to  distinguish  lime  from  baryta  (pages  34 — 24). 
It  is  used  also  to  precipitate  and  detect  thorina  (page  b'i),yttria 
(page  h^),protoxyde  qf  cerium  (page  55),  and  zireonia  (page  59)'. 

*  The  su^hate  qf  potash  of  commerce  is  often  contaminated 
by  various  sabstances.  If  it  contain  sulphate  qf  zinc,  its  soln- 
tiou,  treated  by  Lydrosulphuret  of  ammonia,  jdelds  a  ^rliitc 
precipitate  of  sulphuret  of  zinc,  which  has  a  blackisli  or  brownish 
tinge  if  the  salt  contained  traces  of  suij^uUe  qfprottwyde  qf  trm 
or  of  copper.  The  presence  of  sulphate  qf  magnesia  is  recognised 
by  adding  a  solution  of  hydrate  of  potash  to  that  of  the  salt,  by 
which  means  a  precipitate  of  magnesia  is  formed.    If  the  salt 

*  It  is  often  ])rLferred  to  sulphuric  acid,  because  it  forms  the  fyiiiic  prLcipitatcs  as 
dilute  sulphuric  acid,  but  being  a  neutral  salt  the  neutrality  of  the  solution  operated 
upon  is  finis  left  undisturbed.— £d. 

*  <%^iAal0  o/|)otailk  is  alto  often  used  Matesft  Cor  tutwie  acid,  fonriudi  H  it » 
belter  re^igent  tliui  ooilMiHite  or  hydnto  of  potash,  a  afight  fmam  off  wUdi  is 
■uflicient  to  prevent  the  formation  of  bitartnte  of  potaah, irflich  is  the  charactarialio 
precipitate.  Any  other  salt  of  pota^  may  produce  this  precipitate  of  bitartrate, 
but  acrta(e  nf  potash  deserves  the  preform  re,  because  bitartrate  of  potash  is  insoluble 
in  fret)  acetic  acid,  whilst,  on  the  contrary,  it  is  soluble  in  alkaiiee  and  in  mimra* 
acids. — Ed. 


Digitized  by  Google 


BB-AOSNTS. 


567 


contain  any  sulphate  of  lime,  a  solution  of  binoxalate  of  potash 
produces  a  precipitate  or  a  turbidness  of  oxalate  of  lime,  espe- 
ciaUj  if  ammoiiia  be  forther  added.  If  the  salt  contains  any 
minUe  of  pota»h  it  fuses  upon  ignited  charcoal.  If  mixed  with 
bisuipliate  qf  potash  the  solution  strongly  reddens  litmus  paper 

13.  SULPHATE  OF  IHIS. 

(Sulfate  Calciqut.) 

*  The  solution  of  tulphaie  qf  lime  is  used  to  recognise  oxaUe 
acid  (page  887),  and  paratartarie  acid  (page  899),  and  likewise 
to  distingtush  Hme  from  haryia  and  from  sironiia  (page  35). 

*  The  sohition  of  sulphate  of  lime  is  prepared  by  putting  the 
pulverised  and  pure  salt  in  a  flask  with  distilled  water,  agitating 
the  whole  and  leaving  the  excess  of  the  salt  to  deposit.  For 
use,  the  dear  supernatant  liquid  is  poured  off  and  replaced  by 
distilled  water,  in  order  to  h&ve  always  a  saturated  solution  in 
resenre'. 

18.  LIME.WATE1L 

(Eau  de  Chaux.) 

*  Lime-water  may  be  employed  to  precipitate  arsenious  acid 
(page  S40)|  carbonic  ucid  (page  d8d)»  and  often  also  the  solutions 
of  the  phosphates.    It  should  render  litmus  paper  strongly 

blue.  If  not  carefully  kept  it  will  deposit  most  of  its  lime  and 
become  useless % 

'  AcFTTATK  OP  POTASH  shouM  appear  aniongst  this  lilt  of  S|>ecial  re-ageuts  m  a  test 
for  tartaric  acid.    See  the  preceding  nt>te. 

'  The  pure  sulphftle  of  lime  may  be  obtained  by  pouring  sulpburio  ttdd  vpoa  a 
eoDMiitnled  Bdnticii  of  diktide  of  csMhid,  tnd  wMhiqg  ewefnlly  the  predpitalo 
tfaiM  prodiiood.^SD. 

*Iailie-WKter  is  inn<1e  liy  pouring  cold  distilled  wstar  upon  recently-prepared 
hjdnto  of  lime,  and  leaving  the  whole  to  digest  for  some  time,  frt-qtiontly  agitating 
the  mixtnre  ;  after  which  the  dear  anponuitMit  liquid  is  poured  off  and  kept  for  use 
in  well  stoppered  pliials. — Ed, 

%  Bartta-water  i»  a  test  which  is  often  used  instead  of  lime-water,  for  precipi- 
tating carbonic  acid.  Baryta-water  precipitates  all  the  alkalino  etrtbs  from  th« 
■olntionooftfaoiratlla  Bttryte-witariiisj  bosobslitatodfor  tbobaiytieadto 
detoetion  .<rf  aidpbaiie  addr— Eik 
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14.  CARBONATE  OF  BARYTA. 

*  Carbonate  op  baryta  is  used  for  precipitating  several 
oxydes  and  separating  them  from  each  other.  It  should  be 
exempt  from  aUeaiine  and  other  wU$»  Itt  purity  may  be  tested 
by  boiling  a  certain  quantity  of  it  in  water,  filtering  and  evapo- 
rating to  dryness.    No  residuum  should  be  left. 

*  When  carbonate  qf  baryta  is  not  at  hand^  pure  carbonate 
or  LIMB  may  be  used  instead.  Lmm,  however^  does  not 
separate  from  a  liquor  so  promptly  aa  baryta;  owing  to  which, 
carbonate  of  baryta  is  preferable  \ 

16.  P£BCULOBID£  OF  GOLD. 
(CMomiv  AvrigiM.) 

*  The  neutral  solution  of  chloride  of  gold  is  used  as  a  test  fior 

protoxyde  of  iron,  protoxyde  of  tin,  and  several  acids  which 
separate  metallic  gold  from  its  solution. 

16.  NITRATE  OP  SUBOXYDE  OF  MERCURY. 
{Nitrate  Mercureux.) 

*  The  solution  of  svbnitratb  ojt  mxbcubt  (Hg.O+NO^) 
is  used  to  precipitate  and  recognise  ffold,  jjdaHnum,  and  some 
other  metals,  and  likewise  to  precipitate  certain  acidsj  especially 

many  organic  acids  ^ 

*  If  the  solution  contains  peroxyde  qf  mercury  (HgO)  along 
with  the  subozyde^  the  whole  of  the  mercury  is  not  precipitated 
in  the  state  of  subchloride  by  addition  of  an  excess  of  solution 
of  chloride  of  sodium,  and  perchloride  of  mercury  may  still  be 
found  HI  tlie  filtered  liquid.  When  the  salt  is  neutral,  a  m  liite 
powder  of  subchloride  of  mercury  (calomel)  is  obtained  by 

'  Carboiiato  of  lime  beinj;  used  in  Tiiuriatic  acid  Rolutions  yields  of  course  a  solution 
of  chloride  of  calcium,  wliich  Hlters  with  much  more  difticulty  than  chloride  of 
barium,  which  is  au  additional  rca&on  for  giving  preference  to  carbonate  of  baryta. 

*  Sobnitnito  of  awremy  it      employed  as  » teei  fer  aaiiMniiR.  See  page  32. 
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txiturating  it  in  the  diy  state  with  an  excess  of  chloride  of  sodium, 
and  tmbaequeiitly  adding  water ;  If,  on  the  contrary,  it  is  basici 
a  greenish  powder  is  thus  obtained,  which  is  a  mixture  of  snb- 

chloride  and  of  protochloride  of  mercury  (calomel  and  corrosive 
sublimate).  In  either  case,  the  filtered  liquid  contains  no 
mercniy  in  solution. 

17.  CYANIDE  OF  MBRCUKY. 
(Chfmtmre  Mertmiq^) 

*  Cyanide  of  MEacuav  may  be  used  to  detect  palladium 
(page  155),  and  in  some  cases  pkUinum  (page  150) ;  the  sohition 
must  not  have  a  basic  reaction. 

18.  P£BCULORID£  OF  MERCU&Y,  Hg  a. 

[ODBMMDTB  SUlLIIt4ml 

*  The  solution  of  perchloride  of  mercury  may  principally 
be  employed  for  detecting  phosphorous  and  hypophosphorous 
aeUk  and  their  salts  when  thejr  are  mixed  with  photphoric  acid, 
or  with  pho$phaie$  (pages  273,  277).  It  may  also  be  resorted 
to  for  the  purpose  of  detecting  the  substances  which  are 
capable  of  reducing  perchloride  of  mercury  into  subchlohde 
of  mercury,  or  into  metallic  mercury.  Its  behaviour  with 
phoiphuretted  hydrogen  and  with  anemuretted  hydrogen  is  very 
characteristic. 

*  Perchloride  of  mercury  is  pure  if  it  volatilises  without 
residuum  when  exposed  to  heat.  It  must  also  be  completely 
soluble  in  water,  in  alcohol,  and  in  ether. 

19.  SULPHATE  OF  COPPER. 

*  Solution  of  sulphatb  ov  cofpbk  is  sometimes  used  for  the 

detection  of  arsenious  acid  (page  311).  The  commercial  sul- 
phate of  copper  may  be  used  for  that  purpose,  though  it  often 
contains  small  q[uantities  of  pratomdi^ude  qf  tron,  and  of  mdphaie 
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SO.  PERCHLORIDE  OF  IRON. 

{Chlwmrt  Fmiqu€.) 

*  Perchloride  of  iron,  or  any  other  persalt  of  iron,  such 
as  SULPHATE  OF  PSROXYDB  OF  IKON '  {suffote/enique),  is  espe- 
dally  used  for  detecting  aeetie  acUi\  (page  413),  and  formU 
add  (page  415). 

31.  SULPHUROUS  ACID. 
{AcUk  a^iifmrt^) 

♦  The  aqueous  solution  of  sulphurous  acid,  or  that  in 
alcohol  in  which  the  acid  is  more  soluble  than  in  water,  seems 
more  especially  to  precipitate  selenious  acid  and  UUwrumB  add 
firam  their  sedations,  and  from  that  of  their  salts  (pages21&8 — 229); 
hnt  it  is  also  employed  for  the  purpose  of  ledncing  certain 
metals,  and  of  converting  certain  higher  degrees  into  lower 
degrees  of  oxydisation.  Yet  for  such  a  purpose  it  is  better  to 
use  the  solution  of  a  sulphite  of  alkaUj  such  as  sulphitx  of 
AMMONIA,  or  suLPHiTB  OF  SODA.  But  with  rcspoct  to  the 
latter,  it  should  be  employed  only  in  the  solid  state,  or  else 
it  should  be  dissolved  only  a  few  minutes  before  using  it. 

*  When  the  solution  of  sulphurous  acid  or  of  the  nUphUes  qf 
aikaUes  has  not  been  caiefully  sheltered  from  the  air,  a  certain 
quantity  of  nUpkurie  acid  is  always  formed ;  owing  to  which, 
chloride  of  barium  produces  in  its  solution  a  white  precipitate, 
insoluble  in  muriatic  acid  if  the  solution  be  one  of  sulphurous 
acid,  and  partly  soluble  in  that  acid,  if  the  solution  be  one  of 
a  sulphite  of  alkali.  In  most  cases,  the  presence  of  sulphuric 
add  does  not  interfere. 

'  Hm  ailt  is  para  whan  not  procipiteted  bj  ftni^yuide  of  potMrinn,  wUdi 
otherwioe  wovld  indloote  tfw  pgaitnco  of  »  protooalt  of  iron.  The  oolutioii  of  » 
pomlt  of  iron  tised  as  a  test  must  not  oomlNn  ony  exoees  of  acid.  Hiis  is  ascertained 
hy  potuing  in  tlic  solution  a  drop  of  dilute  ammonia,  which  will  immediately  produce 
a  «>nia11  pn>cipitnto  of  poroxide  of  iron  ;  if  by  itiRii^  tho  mixtoro  the  preoiFitete 
rediBsulvcH,  there  i-s  an  exct/ss  of  acid. — Ed. 

•  Another  teat  for  acetic  acid  is  raoroxTDE  OP  LEAD  (sec  the  noto  page  414), 
which  yields  with  acetic  acid  a  solution  which  re>actB  upon  test  papexs  UGe  an  olkilL 
This  test  is  ehsneteristic— Ei>. 


BS-AOENTS. 


*  The  best  method  to  prepare  sulphurous  acid  consists  in 
Keatiiig  concentrated  snlphnrio  add  and  coasnely  pnlyeriied 
charcoal  together ;  the  gas  ia  then  xeoehed  m  water,  alcohol, 
aonmonia,  or  a  solntion  of  carbonate  of  alkali.  ^ 

98.  PHOSPHOROUS  ACID. 

*  Phosphorous  acid,  or  the  compound  of  phosphorous  and 
of  phosphoric  acid,  which  ia  produced  by  the  spontaneous  com- 
buation  of  phoaphoms  in  moist  air,  ia  often  an  excellent 
reducing  agent. 

28.  BASIC  SIUCATE  OF  POTASH. 
[uovoB  nucoii.] 

*  Tbe  solution  of  the  basic  stlicats  of  potash  is  used  to 

detect  phosphoric  acid  in  phosphate  of  alumina  (page  265). 

S4.  SULPHOCYAMIDB  OP  POTASSIUM. 

The  solution  of  sulfhoctanide  of  potassium  serves  to 
detect  the  smallest  traces  of  peraxyde  of  tron  (page  490). 

-  86.  NITRATE  OF  POTASH. 
{Nitrate  Potauique.) 

*  In  the  solid  state,  nitrate  of  potash  is  used  to  detect 
carbon  in  the  substances  which  contain  it,  and  for  the  purpose 
of  oxjdising  a  great  number  of  metals  and  other  substances. 

When  employed  for  oxydising  substances  which  contain  sulphur, 
it  must  be  perfectly  free  from  stUphate  of  potash  \ 

26.  ZINC. 

*  Metallic  zinc  is  used  to  precipitate  several  metals  from 
their  solutions.    It  is  generally  cast  for  the  purpose,  in  the 

'  Sulphfite  of  potash  mmy  be  detected  by  nitrate  of  baryta  ;  and  the  presence  of  a 
chloride  hy  aitrato  of  silver.  If  solution  of  carbonate  of  potash  form  a  precipitate, 
tbe  preseace  of  metallic  oxydes  or  of  earthy  matter  are  thereby  indicated. — Ed. 


Digiiized  by  Google 


572 


K£-AG£NT& 


Bhapc  of  small  round  bars,  or  in  blades.  The  zinc  of  commerce 
is  impure^  and  contains  small  quantities  of  iron,  cadmium^  lead, 
and  other  metals^  the  presence  of  which,  however,  is  not  raj 
objectionable  in  most  chemical  analyses.  Itjs  better^  lunrefCTi 
when  possible^  to  use  pure  distilled  sine*. 

27.  IBON. 

(Fer.) 

*  Mbtaxxic  ieon  is  used  to  precipitate  small  quantities  d 
copper  contained  in  solutions  (page  121).  A  piece  of  poUafaed 
sheet-iron^  or  the  blade  of  a  knife,  or  any  other   piece  of 

malleable  iron,  may  be  used  for  this  purpose. 

28.  COPPER. 

*  Mbtallic  coppsb  is  sometimes  used  in  the  ststo  of  copper 
plate  to  recognise  suboxyde  of  mercury  (page  134),  and  peroTyde 
<2/'  mercury  (page  139),  sometimes  also  in  the  state  uf  copper 
turnings  or  trimmings,  to  detect  m/rsc  acM^ 

29.  GOLD. 

(Or.) 

*  Gold-leap  serves  to  detect  nUric  acid,  nitrous  acid,  chlorme, 
and  fWttita^te  oetd .  With  tin  it  is  sometimes  employed  to  detect 
small  quantities  of  mercury  (page  142). 

80.  PEBOXYDB  OP  MANQANBS& 
{StMWffdt  4t  Mcmgmkt.) 

*  Peroxyde  of  manganese,  and  very  often  red  lead  or  brown 
wyde  qf  lead  {suroxyde  plonibeux  or  mroxyde  plombique)  in  its 

'  An  impurity  generally  found  in  zinc  is  nrseoic,  the  smallest  true  of  which 

renders  it,  of  course,  altogether  iiiifit  for  Marsh's  apparatus.  For  reasons  wlnrh  I 
have  given  in  note  (page  5'25)  the  pure  distilled  /inc  should  not  be  melted  in  an  iron 
spoon  or  other  metiiUic  utensil,  for  the  purpose  of  casting;  it  into  V)ara,  since  it  would 
tliereby  bo  contomiuatcd.  It  is  best  to  melt  it  in  a  liesaiAU  cruciblei  &ud  to  cast  it 
in  mooldiof  piMtar  of  Ftew  or  of  dialk.— Ed. 
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stead,  are  employed  to  detect  mttriaiic  acid  and  most  metallic 
Moridea. 

81.  INDIGO. 
{Indigo,) 

*  Thb  solution  of  indigo  in  concentrated  and  fuming  sulphuric 
acid  is  employed  as  a  test  for  nUric  acid  \ 

32.  STARCH. 
{Amidm.) 

*  Stabch  is  used  to  detect  iodine  and  the  metallic  iodides'. 

:j3.  ether. 

*  £th£r  is  used  prmcipally  to  detect  bromine.  It  is  also 
used  as  a  solvent,  and  as  a  precipitating  agent. 

34.  INFUSION  OF  GALLS. 
(/f^KMOit  de  Noix  QoUet,) 

*  Invusion  of  galls  may  he  used  in  some  cases  for  the  detec- 
tion of  small  quantities  of  peroxyde  qf  iron  in  solutions.  It 

may  likewise  serve  as  a  test  for  several  other  metallic  oxjdes, 
especially  fifanic  acid  (page  295),  aud  tantalic  acid.  It  is  obtained 
by  digesting  coarsely  pulverised  gall-nuts  into  alcohol  diluted 
with  an  equal  quantity  of  cold  water 


*  The  following  addition  by  E.  Peligot  is  found  in  the  French 
edition : — 

*  The  solution  of  Bulphatc  of  indigo  is  furtlier  employed,  as  may  have  bccu  sceOj  as 
%  tart  ibr  Mwine  and  the  niiralu ;  in  the  latter  case,  the  nitrate  mast  first  be 
deoompoaed  by  Bulphwie  uaAf  for  nitrie  add  mast  be  In  »  fine  rtftte  to  deetMy  Uie 
Mue  eokmr  of  the  indigo  ■oimfaiB*— Ed, 

'Sttieb  is  to  be  used  in  the  state  of  thin  maciUge,  whidi  is  prepared  by  rubbing 
eommon  ntnrch  with  cold  \vater,and  heating  the  mixture  to  the  boiling  point,  taking 

cnrr  to  stir  all  the  while  to  prevent  burning.  Mucilage  of  starch  is  always  to  be 
ustil  cold.  Strips  of  paper  dipped  in  this  mucilage,  and  carefully  dried,  may  be 
used  as  test-paper  fur  iudine,  in  the  same  way  as  the  ordinary  test-papers. — Ed. 

*  In  organic  analysis,  in/un<m  of  gaUt  b  alio  nsed  a  teet  for  ftdmm  and  for 
9«totiM.— Ed. 
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"  To  these  re-agents  may  be  added 

ANTIHONIATE  OF  POTASH. 

(AtiHrnoniak  Potamque.) 

Which  is  prepared  by  fusing  antimonic  acid  with  an  excess  of 
potash.  The  wdatLon  of  this  salt  iannM,  aocordmg  to  Fx€mj,  % 
good  le-agent  to  diBtrngnish  and  mn  to  separate  JodSv  firom 
pota$h,  Antunoniate  added  to  an  aqoeoussoliitionofa  salt  of  soda 

forms  a  crystalline  and  insoluble  precipitate  of  antimoniate  of 
soda ;  by  this  means      of  a  salt  of  soda  may  be  clearly  detected. 

''The  precipitate  requizes  a  few  seconds  stirring  for  its 
production  *• — E.  P. 

*  Amongst  the  number  of  the  re-ageuts  which  cauiiut  be 
dispensed  with  must  be  placed  also  those  which  are  used  with 
the  blow-pipe;  for  even  in  analysis  in  the  humid  way,  the 
blow-pipe  most  often  be  resorted  to.  Benelius  having  detailed 
in  his  Treatise  the  re-agents  which  are  to  be  used  in  these 
assays,  I  beg  to  refer  the  reader  to  that  work,  which  will  enable 
me  to  abridge  the  description  of  the  use  of  the  blow-pipe  in 
quahtative  analysis. 

^  We  may  only  remark  here,  l^at  in  most  blow-pipe  assays 
there  is  no  occasion  for  more  than  three  dry  re-agents,  namely : — 

•  1.  DEHYDRATED  CARBONATE  OF  SODA. 

It  is  necessary  that  this  salt  be  very  pure,  and  free  from  sulphate 

'If  tiieaolatkmbeMNnewlnidiliite,  aome time maat elapae far i<» |m>ductfon ;  if 
eonoentntod,  it  tekM  pbwe  immediak-1y.    It  is,  however,  necessary  to  remark  Intc^ 

in  reference  to  this  re-agent,  that  though  antimoniate  of  soda  is  verj*  difficultly  soluble 
in  water,  it  \n  not  altogether  insoluble  therein  ;  wherefore  the  solution  thus  tested 
for  soda  must  not  be  too  dilute  ;  and  furtlicr,  as  antimoniate  of  potash  is  decomposed 
by  all  acids,  even  by  carbonic  acid,  which  would  precipitate  a  biantimouiatc  of 
potash,  flw  add  thooUi  be  neDtrnKged  with  ptlaA,  or  tmhmmU  o/pouuhj  and  not 
by  mmonia,  beeaaie  <lw  mUt  tff  ommorui  sm  tho  preeipititad  by  ■athnomiete  of 
potMh ;  eiid  in  MotnliBiv  with  ocn^ftofiafe  ^^«ltyA 

be  avoided,  because  antimoniate  of  soda  is  sohible  in  alkaline  salte  of  potash. 
The  solution  of  carbonate  of  potash  should  therefore  be  cautiously  added  until  the 
solution  be  rendered  very  feebly  alkaline.  If  too  mnoli  carbonate  of  potash  has 
been  used,  or  if  the  liquor  originally  contains  it,  niuriatic  acid  mufit  V)e  added  to 
neutralise  it.  The  absence  of  all  other  earths  and  metallic  oxydes  must  be  aeoer- 
tained  before  testiiis;  for  eoda  by  MrtimwifMff  of  potMb.— E». 
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of  soda  especially.  Its  purity  may  be  tested  in  the  manner 
mentioned  before  (page  547).  In  blow-pipe  experiments  only^ 
▼ery  small  qtumtities  of  soda  or  of  other  le-agents  are  used. 
Pore  carbonate  of  $oda  may  be  obtamed  by  slightly  calcining 
the  bicarbonate  of  soda,  or  else  the  bicarbonate  itself  may  at 
once  be  used.  A  small  quantity  of  chloride  qf  sodittm  is  not 
objectionable  in  most  cases. 

*  Carbonaie  wda  is  employed  to  zednce  certain  metallic 
ozydes  or  their  salts,  and  for  obtaining  the  metal  of  the  chlorides^ 
bromides,  aud  iodides ;  or  else  to  see  whether  the  metallic 
oxydesj  being  heated  in  conjunction  with  carbonate  of  soda^ 
will  fiise  or  flnx  with  it  or  not ;  by  which  means  tbe  yarions 
metallic  oxydes  may  be  distinguished  firam  each  other  *. 

2.  PHOSPHATE  OF  SODA  AND  AMMONIA. 
[microcosmic  salt.] 
iPhoiphtUe  Afnmonico-aodigui,} 

*  This  salt^  either  prepared  from  nrine  or  from  phosphate  of 

soda  and  sal  ammoniac,  ordinarily  contains  a  small  quantity  of 
chloride  of  sodium.  In  most  cases  the  presence  of  this  impurity 
does  not  interfere  in  blow-pipe  analysis;  when,  however,  the 
operator  is  obliged  to  employ  microcosmic  salt  with  protozyde 
of  copper  for  the  purpose  of  detecting  the  presence  of  metallic 
chlorides,  bromides,  and  iodides  (pajjes  424,  430,  435),  it  is 
necessary  that  it  should  be  free  from  all  admixture  with  chloride 
qf  sodium,  the  presence  of  which  may  be  detected  by  dissolving 
the  salt  and  testing  by  nitric  add  and  nitrate  of  silver,  which 
will  then  yield  a  predpitate  of  chloride  of  silver. 

*  Neither  should  microcosmic  salt  contain  an  excess  of  phos- 
phate of  soda.  This  is  ascertained  by  fusing  the  salt  before  the 
blow-pipe  upon  charcoal,  by  which  means  a  dear,  colourless,  per- 
fectly transparent  bead  will  be  obtained,  if  there  be  no  excess  of 

>  A  nuztoM  of  abont  equal  parts  of  cetrbmaU  tftoia  and  tutmide  of  potamkm  i% 
howww,  •  nnob  nune  powarfbl  ndndng  agent  tliaii  car^omOt  tfmtda  akna— Ei». 
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phosphate  of  soda,  whilst  if  the  revene  be  the  case,  the  bead 

after  cooling  is  not  limpid. 

*  Microcosmic  saU  dissolves  by  fusion  nearly  all  substances  ; 
a  few  only  which  have  acid  properties  lesist  its  action.  When 
fMcroeoMMe  boU  is  heated^  the  ammonia  and  the  water  of  ciystal- 
lisation  escape,  and  it  acts  then  by  the  free  phosphoric  add 
which  it  contains. 

3.  BORAX. 

*  Thb  borax  of  commerce  is  generally  pure,  and  may  be 
used  in  blow-pipe  analysis When  prepared  from  tinkal  it 
contains  a  small  quantity  of  organic  matter,  owing  to  which  it 
yields  after  fusion  a  greyish  or  blackish  bead,  which  however 
becomes  colourless  by  continuing  the  fire.  Borazj  to  be  fit  for 
blow-pipe  experiments,  must,  by  being  dissolved  in  water,  yield  a 
solution  which,  after  addition  of  nitric  acid,  must  not  be  rendered 
turbid  by  solution  of  nitrate  of  silver,  uur  by  that  of  chloride 
of  barium  [or  nitrate  of  baryta'].  It  dissolves  by  fusion  all 
ozydised  substances,  whether  they  act  as  bases  or  as  acids. 

*  Besides  these  principal  re-agmits  a  few  others  are  employed 
in  particular  cases,  and  only  for  special  substances;  th^  are : — 

1.  BORACIC  ACID. 

BoBACic  ACID  is  used  with  tnon  to  detect  pfmphorie  acid 

(page  270). 

3.  SOLUTION  OP  NITRATE  OF  COBALT. 

{Nitrate  Onhaltiqut.) 

*  Solution  op  nitrate  op  cobalt  must  be  kept  in  a  glass-  i 
stoppered  phial^  the  stopper  of  which  is  terminated  internally  by 

a  long  glass  tube  drawn  to  a  pointy  by  which  means  a  single 
drop  of  the  solution  may  be  extracted  from  the  mass*.  This 

1  It  is,  howevw,  KdTiMMe  to  wetptaSBSui  it.--Eo. 

*  Neither  miiit  solnte  of  am^matt  tfpotaA  or  of  Mda  tendor  the  uguem  ael«» 

tion  of  borax  turbid. — Ed. 

. '  An  ezoeedingljr  minute  qmatity  of  thie  or  any  other  fluid  re^igent  mij  be  added 


Digitizeo  by  LiOO^ie 


SB-AGEirTS. 


577 


re-agent  is  seldom  used  for  any  other  pnrpoee  than  as  a  test  for 
mapnena  (i)age  42)  and  alumina  (page  47).  It  is  employed 
also,  but  the  reactiou  is  less  ccrtaiu,  as  a  test  for  oxyde  qf  sine 
(page  73)  and  a  few  other  oxydes. 

*  The  solution  of  niirate  qf  cobalt  must  be  ptesptaed  by 
diaaolYing  pure  cobalt  in  pure  nitric  acid ;  an  excess  of  free  add 
is  no  objection.  Generally,  the  presence  of  arsenic  or  ursemoiis 
acid  is  of  no  consequence^  but  it  must  especially  ])c  free  from 
fixed  aUcaties;  and  when  an  ozyde  of  cobalt^  which  has  been 
precipitated  firom  its  solution  by  hydraie  qf  potash,  is  employed, 
it  must  be  carefully  washed.  Neither  must  the  solution  contain 
any  peroxyde  of  iron  or  otlicr  oxydes. 

*  Instead  of  a  solution  of  nitrate  of  cobalt,  oxalate  of  cobalt 
in  powder  may  be  used.  The  substance  under  examination 
must  then  be  mingled  with  a  little  water  and  oxalate  of  cobalt, 
and  the  substance  must  be  heated  longer  than  when  nitrate  of 
cobalt  is  employed. 

3.  SOLUTION  OF  NITRATE  OF  NICKEL. 

{Nitrnt€  Xicoli'/ur.) 

^  A  SOLUTION  of  NITRATE  OF  NICKEL  Or  OUC  of  OXALATE  OP 

MicKBL  are  used  to  distinguish  soda  from  potash  (page  7).    It  is 

necessary  that  the  nickel  be  perfectly  free  from  cobalt ;  this  is 

ascertained  in  the  manuer  described  (page  5). 

'  ''       'I'         -....I  ■■ 

to  the  extmt  drop)  hdt,  or  »  qiwrter  of  a  4rop^  or  ovon  Iom  by  bmmw  of  ft 
ptpetu,  whieh  I  iDsl»  from  fho  seek  of » tnokon  retort  It  is  Hmofore  &  eomical 
tnbo  dnwa  to  a  point  m  npreaentod  in  tho  fignro.  Bj  phutging  the  tube  in  the 

pl^  mmtft^""g  the  leagon^  a  certain  quantity  of  it  rine  ^ontaneoniiy  in  it^  or 
may  be  andced  up,  and  by  putting  the  tip  of  the  finger  on  the  upper  estoemity  the 
eootanto  ere  therelqr  poahed  oat  in  fwtj  minute  drops. — Ed. 
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4.  PROTOXYDE  OF  COPPER. 

{Oxyde  Citlvt'ifpt^.) 

*  The  purest  oxyde  is  obtained  by  exposing  nitrate  of  coppei* 
to  a  Ted  heat.  It  is  employed  for  detecting  chlorate,  bromine, 
todSfitf  (page  424) ;  hut  in  order  to  he  fit  for  this  use  the  oiyde 

must  be  perfectly  free  from  chlorine,  and  the  copper  employed  to 
prepare  the  nitrate  must  have  been  dissolved  in  pure  nitric  acid. 

rULVEIUSED  FLUORSPAR. 
(^Spath-Jluoi-  piilverU^.) 

*  It  is  used  for  detecting  sulphate  of  baryta  (page  28)^of  ^^ron/ui 
(page  ZS),  and  of  lime  (page  38) ;  for  these  are  the  only  snb- 
stanees  which  can  fuse  with  fluorspar  into  a  colonrless  bead, 

which  on  cooling  becomes  milk-white. 

e.  TIN. 

*  Tin  is  resorted  to  for  the  purpose  of  reducing  the  lower 
degrees  of  oxydisation  into  still  lower  degrees  of  oxydisation,  or 
into  the  metallic  state.  The  best  are  tin  ehavinffs,  which  are 
obtained  by  scraping  a  bar  <^  tin  with  a  knife,  or  else  tin-foil. 

7.  IRON. 

iPtr.) 

*  PiANoroKTE  steel  wire.  No.  7  or  8,  is  used  tu  detect  phos- 
phoric  acid  (page  270). 

8.  BISULPHATE  OF  POTASH. 

*  This  substance  serves  to  detect  boracic  acid  in  the  borates 
(page  282),  bromine  (page  429),  iodkne  (page  435). 

9.  SILICIC  ACID. 

*  Thb  best  is  to  employ  it  in  a  state  of  extreme  division^  as  it 
is  obtained  from  the  analysis  of  sDiciferons  minerals.   It  serves 

to  detect  sulphuric  acid  (page  204-),  and  in  general  the  substances 
which  contain  sulphur. 
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*  The  operations  of  qualitative  analysis  require,  for  tlie  most 
part,  a  small  number  only  of  exceedingly  simple  apparatus  and 
utensils,  wluch  may  be  easily  procured. 

*  The  most  indispensable  of  these  articles  for  operating  in  the 
hnmifl  way,  are  small  glasses,  in  which  tlie  substances  under 
examination  may  be  dissolved^  or  else  in  which  the  solutions  of 
embstanoes  may  be  tested  by  submitting  them  to  the  action  of 
tbe  re-agents.  The  glasses  ordinarily  employed  are  similar  to 
those  called  champagne  glasses '.  It  is  impossible,  how  ever,  to 
heat  the  liquor  contained  in  such  glasses,  which  is  an  inconve- 
nience, because  it  is  necessary  to  apply  heat  in  almost  every 
case  of  qualitative  analysis ;  wherefore  it  is  preferable  to  use 
cylindrical  glasses,  which  may  easily  be  made  with  tubes  of 
white  glass.  For  this  purpose  glass  tubes  iimst  bo  chosen  not 
too  thick,  and  they  are  to  be  cut  in  lengths  double  that  which  it 
is  intended  that  the  test  tube  should  have,  after  which  they  are 

1  The  beat  forms  of  test  glasses  are  hciv  given.   The  middle  one,  kuuwu  under 


pp  2 
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each  to  be  heated  in  the  middle  by  means  of  the  enameller's 
blow-pipe,  and  when  the  ghus  has  softened^  the  extremltieB  are 
to  be  drawn,  by  which  means  two  tubes  are  obtained  of  an  equal 

length,  and  almost  closed  at  oue  end.  That  ahiiost  closed  end 
is  to  be  well  fused,  and  then  gently  blown,  no  to  render  it 
hemisphericaL  The  upper  part  or  open  end  of  the  tube  may 
now  be  heated  likewise  before  the  enameller's  blow-pipe,  in 
order  to  turn  the  brim  slightly  over  for  the  purpose  of  fiicili- 
tatinjr  the  transferring  of  liqimls.  The  most  convenient  size 
for  tcbt  tubcii  is  about  five  iuches  m  length,  by  three  quauters  of 
an  inch  in  diameter 

*  Solutions,  as  well  as  their  precipitatesj  may  be  readily  heated, 
or  even  boiled  in  such  tubes,  but  when  insoluble  substances  are 
boiled  therein  witli  a  liquid,  in  order  to  prevent  their  boiHn^  too 
violently,  it  is  necessary  that  the  closed  end  of  the  tube  be  of  a 
uniform  thickness.  It  often  happens  by  boiling  in  these  tabea 
liquids  in  the  midst  of  which  mi  insoluble  })rccipitate  has  been 
formed,  tliat  the  liquor  boils  up  so  violently,  tliat  a  great  portion 
of  the  liquid  and  of  the  precipitate  is  projected  out  of  the  tube 
almost  explosively,  which  is  not  even  without  danger  to  the 
operator.  Such  glasses  must  not  be  employed  eioept  for  expe- 
riments  in  which  it  is  not  necessary  to  apply  heat.  Whenever 
it  is  necessary  to  boil  a  liqtiid,  the  orifice  of  the  tube  must  be 
inclined  in  suck  a  direction  that  the  portions  which  might  be 
projected  may  not  prove  Jiurtful. 

*  About  twenty  such  tubes  are  required,  which  may  be  placed 


•  T»>«t  tiibc's  8houM  be  mailo  of  thin  glass  and  well  annealed,  m  that  boiliog  hoC 
Ji^uidtt  m&y  ho  pourud  into  Uicm  without  fear  of  orackuig  them. — 
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in  two  tiers,  in  a  frame,  as  in  the  preceding  page : — The  tubes  of 
the  lower  tier  are  a  little  larger  and  longer  than  those  of  the 
upper  one. 

*  As  the  phenomena  which  the  le-agenta  determine  in  the 
solntiona  of  the  substances  under  examination  are  not  alwa5rs 

produced  immediately,  but,  on  the  contrary,  require  a  ccrtaiu 
lapse  of  time  to  become  manifest,  the  solution,  after  mixing  witli 
the  rc-agentj  should  be  left  at  rest,  and  in  order  to  avoid  com- 
mitting errors,  the  name  of  the  re-agent,  added  to  the  solution 
in  the  glass,  must  be  written  upon  gummed  paper,  and  pasted 
upon  it '. 

*  It  is  advisable  to  have  a  separate  apparatus  for  precipita- 
tions by  means  of  the  aqueous  solution  of  sulphuretted  hydro- 
gen, or  of  hydrosulphuret  of  ammoma;,  because  it  is  absolutdy 
necessary  to  perform  such  experiments  under  a  strong  draught  of 
air,  in  order  to  get  rid  of  the  noxious  vapours.  This  precaution 
should  never  be  neglected,  not  only  because  the  odour  of  sul- 
phuretted hydrogen  is  exceedingly  disagreeable,  but  also  because 
it  may  prove  extremely  injurious  to  health.  The  experiments 
with  the  other  re-agents  may  be  conducted  in  a  common  room. 

*  Instead  of  tliesc  glass  tubes,  small  mattrasses  may  be  used 
for  boiling  liquids.  The  explosive  boiling  above  alluded  to  is 
less  liable  to  take  place  in  such  utensils. 

*  Glass  funnels  are  also  required,  and  likewise  paper  filters, 
in  order  to  collect  precipitates,  and  a  certain  number  of  ordinary 
glasses  or  beakers  of  various  sizes. 

*  The  other  necessary  utensils  ai'c,  a  small  spirit-lamp  with 
ground  glass  cover,  and  a  large  spirit-lamp  with  circular  wick 
(Berzelius  spirit-lamp),  for  cases  in  which  a  more  intense  heat  is 
required ;  u  strip  of  platinum  foil ;  a  small  and  thin  platinum 
crucible  capable  of  holding  about  5U0  grains  of  water;  several 
small  porcelain  crucibles  of  the  same  size  as  above ;  several  por- 
celain evaporating  dishes ;  a  small  agate  mortar  with  its  pestle ; 


•  Common  ink  should  not  be  uscil  for  tlio  purpose,  aa  it  is  liable  to  be  obliterated 
or  diiH.>liargcii  by  acids,  6cc.  It  is  better  to  employ  a  lead  pencil,  but  black  clialk  is 
best. — Ed. 
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several  small  glass  tubes ;  a  syiinge  bottle ;  a  few  tubulated 

bottles  for  discn<!:}i^iiig  sulphuretted  hydruf^eu,  carbonic  acid, &c.'; 
a  few  watch-glasses.  A  few  glass  retorts  and  receivers  are  also 
required  in  some  cases.  The  deschptioii  of  all  these  uteiisiU 
may  be  found  in  Berzelius'  treatise,  to  which  the  reader  is 
referred*. 

*  1  have  said  (page  57  1)  that  the  blow-pipe  is  an  ludispcnsable 
instrument  in  most  operations  uf  qualitative  analysis.  Both  the 
instruments  and  the  utensils  which  its  use  requires  are  fully 
described  in  Beraelius*  treatise. 

■  OfdiMiy  botdea^  provided  with  aoimd  ewka  fitting  ttgh^  and  wliieh  tamj  be 
perfomled  with  the  neceeauy  nnmber  of  holes  for  the  reception  of  the  tubes  of 
disengagement,  fumipl,  &c.,  answer  the  same  purpose.  Sec  fig.  of  noto  2,  p:i„'o  *4  9 
The  apparatus  tlic-re  dpserilied  hn-^,  lionever,  the  inconvenience  '»f  '^ot  being 
easily  porUibl*'.  jimi  of  requiring  to  be  uiounto<l  ('\  >  ry  time  it  iawMited.  To  remedy- 
Uiiei  1  wvs  in  my  laboratory*  the  following  contrivance  : — 


A  M  the  bottle  eonteiaiiig  tite  protOflal|ihiu«t  of  iron,  water,  and  mlphorie  eddy 
and  provided  with  Iniiiiel  end  diaengagemeiit  tube  «•  uaoil,  flw  Utter  plimging  in 
the  water  of  »  ameUer  bottle  B»  ftcm  whidi  a  diaeogegeniMit  tube  D  nearij  as 
high  aa  that  of  bottle  A  issueay  eo  ae  to  lead  Ihn  gas  disengaged  in  a  beaker  or 

other  vessel  containing  the  liquor  to  be  n])rr»tod  upon — but  the  first  disengagement 
tub<'  C  is  in  two  pieces  united  by  Iiuiian  rub^«  r.  r\m\  thv  bottles  A  B  are  connected 
tu;^».'tlior  by  a  stronir  band  of  sulphurised  Indiuji  i*ubber  or  of  jj:iitta-i>erclm  G,  »*> 
tiiat  the  two  bottles  may  ha  lifted  at  once  4M)  if  it  were  one  bottie,  wedges  of  cork 
E  E  being  forced  between  the  two  bottles  bo  aa  to  keep  the  strip  of  Indian  rubber  G 
and  the  tube  C  properly  adjuated^ED. 

*  B«mliiia*a  admirable  work  liae  noTer  been  traaabled  into  EngiiA  I  The  appa* 
ratus  and  utensils  alluded  to  may  be  proenred  in  London,  at  Messrs.  Cliarlea 
Button,  146,  Holbom  Bars  ;  Messrs  Home,  Newgate  Street ;  Willats,  Cheapside  ; 
Knight,  Foster  Lane,  Cheapaide;  aud  at  moot  operative  and  mannfartoring  chemista 
in  the  ktugdom. — Eo. 
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GENERAL  RULES  TO  BH  FO [.LOWED  IN  QUALITATIVE 

ANALYSIS. 

*  Wk  shall  speak  here  of  tlie  qualitative  analysis  of  the  solid 
iuorgauic  substauccs  only.  The  course  to  be  adopted  for  that 
of  gaseous  bodies  will  be  indicated  further  on. 

It  is  always  difficult  for  a  beginner  to  determine  upon  wbat 
quantity  of  the  substance  to  be  qualitatively  analysed  he  should 
operate.  It  is  not  advisable,  even  when  the  substance  to 
be  analysed  is  plentiful^  to  operate  upon  too  large  a  quantity, 
though  the  operation  is  thereby  greatly  fiicilitated,  since  it  is 
then  possible  to  take  different  portions  of  that  substance  for  the 
purpose  of  dcterniiuing  the  various  constituent  principles,  which 
cannot  be  done  when  only  a  small  quantity  of  it  can  be  disposed 
of.  At  all  events,  the  analyst  must  never  experiment  upon  the 
whole  of  the  substance,  but  should  always  reserve  part  of  it, 
except  in  case  of  absolute  necessity.  This  precaution  should 
never  be  uc^'kcted,  eve  u  whcu  the  quantity  of  the  substance  to 
be  examined  is  very  small.  The  most  convenient  quantity  for  a 
banner  to  operate  upon,  is  two  or  three  grammes  (from  «iO  to 
60  grains),  when  there  is  plenty  of  the  substance. 

*  Whether  the  substance  to  be  examined  is  in  abundant  or  in 
small  quantity,  it  is  always  a(i\isable  to  take  a  very  small  purtiou 
of  it  for  the  purpose  of  ascertaining  whether  it  is  composed  of 
inorganic  substances  only,  or  whether,  on  the  contrary,  it  does 
not  contain  some  organic  matter.  This  may  be  ascertained  in 
various  ways,  but  the  best  for  a  beginner  is  the  following : — ^If 
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tbe  substance  be  in  powder,  take  a  small  portion  of  it  with  the 

poiut  of  a  knife,  or  it"  in  compact  masses,  break  oli'  a  tew  {zjains 
of  itj  aud  introduce  these  portions  in  a  white  glass  tube'^  closed 
at  one  end,  of  about  two  inches  in  lengthy  and  three  or  four- 
eighths  of  an  inch  in  diameter.  The  dosed  end  of  this  tube 
may  be  slightly  blown,  but  very  slightly,  as  the  glass  must  not 
be  too  thin  at  that  point.  The  closed  end  containing  the 
substance  to  be  tested  is  then  heated  in  the  iiame  of  a  small 
spirit-lamp,  during  which  operation  the  tube  must  be  held  up  at 
a  moderate  angle,  but  not  in  a  perpendicular  nor  a  horiioiital 
position.  Most  organic  substances  become  black  by  exposure 
to  heat  when  the  air  is  not  freely  admitted,  and  at  the  same 
time,  and  in  most  cases,  tiiough  not  always,  the  ordinary  products 
of  the  distillation  of  organic  substances  are  formed,  namely, 
empyreumatic  oil  and  water.  There  are,  however,  cases  which 
do  not  exhibit  these  phenomcuii,  although  organic  matter  is 
present ;  but  the  number  of  such  cases  is  very  limited^  and  when 
the  oiganic  substance  is  of  a  volatile  natnret,  it  may  be  completely 
evaporated  without  turning  black  by  charring,  and  this  may 
happen  even  though  the  organic  matter  be  mixed  or  combined 
with  fixed  inorganic  substances.  Yet  the  presence  of  a  fixed 
inorganic  matter  often  determines  the  carbonisation  of  the  vola- 
tile organic  element.  Such  is  the  case,  for  example,  with  the 
organic  acids,  which  in  the  tree  state,  and  when  they  contain 
water,  may  be  completely  volatilised  without  decomposition, 
but  wliich,  when  combined  with  fixed  inorganic  bases,  are 
decomposed,  and  charred  by  exposure  to  heat. 

*  When  the  substance  contains  an  organic  body,  the  operator 
may  at  the  same  time  ascertain  whether  it  contains  nitrogen. 
This  may  be  done  by  holding  a  strip  of  reddened  htmus  paper, 
previously  moistened,  at  the  orifice  of  the  glass  tube,  and  at  a 
sufficient  distance  of  the  heated  point,  in  order  to  prevent  its 
being  destroyed  by  the  heat.   If  the  organic  substance  contains 


'  The  glass  of  the  tube  must  he  free  from  leatl,  else  it  will  turn  hiuck  bv  exposur  e 
to Im^ Mkd  tiros  aiiimlate  the  prcscuce  of  oipuiic  matter.  It  is  alwash  bi^t,  if 
po«ilile,  to  rednoe  Ihe  mbatuee  into  powder  Iteforo  putting  it  iu  the  tube.— Ed. 
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any  iiitroojen,  however  little,  it  will  \deld  ammonia,  which  will 
turu  the  strip  of  leddexied  paper  blue.  If  the  proportion  of 
xutrogen  be  conuderable^  a  white  doud  is  produced  by  holding 
a  glass  rod  moistened  with-  mniiatic  add  at  the  orifioe  of  the 

tube  (page  22). 

*  When  the  substance  contains  no  organic  matter,  the  above 
experiment  may  also  indicate  whether  it  contains  any  unUer,  or 
other  ffolaHk  matter.  If  water  be  present^  it  condenses  into 
drops  on  the  cold  sides  of  the  heated  tube     If  a  narrow  strip 

of  litmus  paper  be  now  introduced  in  the  tube,  so  as  to 
make  it  touch  the  condensed  water,  the  operator  may  see 
irhether  it  has  an  alkaline  or  an  add  reaction.  An  alkaline 
reaction  of  the  water  indicates  in  some  cases  the  presence  of 
ammonia,  but  it  may  be  due  also  to  the  substance  under  exami- 
nation^ which  may  be  susceptible  of  an  alkaline  reaction,  and 
which  may  have  been  mechanically  thrown  np  in  the  upper 
part  of  the  tube. 

*  The  application  of  heat  alone  may  thus  yolatilise  not  only 
the  ivater,  but  also  the  ammoniacal  salts  contained  in  the 
substance  in  question.  Amongst  the  ammoniacal  salts  a  few 
only  are  not  thus  decomposed,  but  in  that  case  a  white  eubUmate 
iB  produced^  which  deposits  in  the  colder  parts  of  the  glass  tube ; 
in  most  cases,  however,  a  temperature  much  higher  than  that 
at  wliich  the  water  volatilises  is  required  to  produce  this  white 
precipitate.  The  presence  of  ammonia  in  the  sublimate  is  very 
easily  detected  (page  22). 

*  Heat  volatilises  also  the  salts  whidi  contain  mercury,  amongst 
which  perchlonde  and  subchloride  of  mercury  iu  c  the  only  ones 
which  are  not  thus  decomposed.  In  most  cases  the  mercury  of 
such  salts  is  reduced,  and  is  deposited  in  the  metallic  state  in 
the  colder  portions  of  the  tube* 

*  Various  other  substances  are  volatilised  by  heat,  either  in 
the  gaseous,  or  in  the  h(^uid,  or  solid  state ;  such  is  the  case  with 

^  If  the  fiubstaucc  uudcr  exaiuinatiuu  cuutauis  au  urguulc  boU^'  Hud  altH>  water, 
the  latter  will  evaporate  long  before  the  duurring  of  the  organic  matter  has  taken 
plaee,  and  eoodmiM  on  the  a&dn  of  the  tube.— Ed. 
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the  voiatUe  adds,  nUpkur,  some  meiaUie  su^thureis,  je/gwiww, 
and  some  metalUe  sekmnrets,  certain  volaHle  oxyde$;  and  lastty, 

mercury  J  and  some  other  volutilf  tnttah. 

*  The  analyst  who  can  manage,  the  blow -pipe  may  perform 
these  experiments  upon  much  smaller  quantities.  Small  glasi 
tubes  are  used  for  the  purpose,  of  a  very  small  diameter,  ^osed 
at  uiiu  cud,  and  in  wlncli  the  substance  mav  he  heated  bv  the 
flame  of  alcohol  urged  by  the  blow-pipe.  A  temperatiire  may 
thus  be  obtained  much  more  intense  than  even  by  heating  largo 
quantities  in  large  tubes  in  the  flame  of  a  spirit-lamp  with 
circular  wick.  The  presence  of  organic  substances  may  be 
detected  by  the  same  reactions  as  have  been  indicated  just 
above ;  but  that  of  volatile  substances  is  at  the  same  time  mudi 
more  readily  discovered,  espedally  those  which  require  a  hi^ 
temperature  for  their  volatilisation.  I  shall  give  further  on 
a  list  ui"  tlic  volatile  substances  which  may  thus  be  detected  by 
the  blow-pipe. 

*  When  the  object  of  the  analysis  is  merely  to  know  whether 
the  substance  under  examination  is  of  an  organic  nature,  or 

whether  it  contains  any  organic  matter,  the  following  summru  j. 
process  is  frequently  resorted  to,  which  consists  in  heating  it 
before  the  blow-pipe  upon  a  charcoal  support,  or  even  upon  a 
platinum  foil  in  the  flame  of  the  spirit-lamp.  In  most  cases 
this  method  answers  perfectly  weU,  but,  except  the  operator  be 
well  used  to  it^  it  is  less  commodious  for  the  purpose  of  detecting 
small  quantities  of  organic  matter. 

*  When,  however,  the  object  in  view  is  to  ascertain  whether 
an  organic  substance  contains  any  fixed  inorganic  constituents, 
the  easiest  and  most  convenient  wav  is  to  heat  a  .siuidl 
quantity  of  it  upon  platinum  foil  by  means  of  the  spirit-lamp, 
or  of  the  blow-pipe,  until  it  is  entirely  carbonised,  and  then 
to  bum  the  carbon  completely  off  by  means  of  the  intense 
heat  of  the  flame  of  tlie  blow-pipe  playing  upon  that  purtiun  of 
the  foU  on  which  the  carbonised  mass  rests.  One  may  thus 
easily  discover  veiy  small  portions  of  inorganic  matter  in  very 
large  quantities  of  oi^anic  substances,  the  inorganic  matters 
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remaining  in  the  state  of  jushes.  Yet  the  incineration  of  tlie 
carbonised  mass  often  requires  care^  because  a  great  number  of 
inorganic  bodies,  which  are  generally  looked  upon  aa  fixed 
bodies,  may  be  volatilised  by  a  strong  heat  in  contact  with  the 
air ;  such  are,  for  example,  chloride  ofpota9$iim,  of  90(iium,  of 
lead,  and  a  few  other  c/i/oru/cs\  If  the  substanee  in  question 
contain  easily  reducible  metallic  oxydes,  it  often  happens  that 
the  platinum  foil  is  strongly  attacked  by  the  reduced  metal. 
In  such  cases  small  plates  of  mica  may  be  used^  Certain 
organic  substances,  especially  those  containing  nitrogen,  readil}' 
fuse  under  tlie  first  impression  of  heat,  and  yield  a  charcoal 
which  it  is  difficult  to  incinerate,  but  which,  however,  may 
ultimately  be  ignited  upon  a  foil  of  platinum  by  means  of  the 
blow-pipe. 

*  Inorganic  substances  arc  often  materially  altered  b}'  exposure 
to  heat,  and  it  may  even  happen  that  they  will  turn  black  or 
blackish  because  th^  accidentally  contain  organic  substances, 
or  through  other  reasons.  But  when,  as  a  counter-proof,  a 
small  quantity  of  the  organic  substance  is  heated  in  the  same 
way,  the  phenomena  are  so  manifestly  different  in  most  cases, 
that  it  is  very  rare  that  the  presence  or  absence  of  organic 
matter  as  an  essential  constituent  of  the  substance  in  question 
can  remain  a  matter  of  doubt.  Should,  however,  such  a 
circumstance  present  itself,  the  operator  should  fuse  a  littk 
nitrate  of  potash  in  a  porcelain  crucible,  and  a  small  portion  of 
the  substance  under  trial  is  to  be  projected  into  the  fused  salt. 
All  organic  substances,  almost  without  exception,  deflagrate 
when  thrown  into  fused  nitre,  but  not  exclusively  so,  the  same 
effect  being  produced  by  the  combustible  inorganic  substances, 
fur  example,  sulphur,  the  inttaUic  sulphurats,  a  few  metalSj  and 
certain  metaiUnds  in  a  state  of  extreme  division.  Yet  the 
property  of  turning  black  by  heat  and  of  deflagrating  when 

'  1 1  m  ftlso  neceesaxy  to  bear  iu  mind  tfut  ehkiride  of  potaMimn  and  of  sodinm 
decrepitate  when  heated.  Chloride  of  lead  leadify  foMa,  and  tlieii  einit8  thick 
fumes,  because  it  partly  evapuzatea,  k»ving  »  yellow  reaidnnm,  which  is  »  baaic 

chloride  of  lead  — Ed. 

*  Or  ebe  a  small  purcclaiii  crucible.  - 
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thrown  in  fused  nitre  is  not  met  with  simultaneoiuly  in  snj 

but  an  organic  !sul)staiicc. 

^  The  means  of  determining  the  nature  of  the  organic  sub- 
stance^ after  its  existence  has  been  demonstrated  as  above^  does 
not  form  part  of  the  phin  of  this  work.  Nor  is  the  analytical 
chemistry  of  organic  substances  suflRciently  advanced  to  enable 
me  to  do  it  in  this  manual,  but  wlien  the  combination  under 
examination  contains  inorganic  and  organic  substances^  th^ 
may  be  determined^  especially  if  the  former  be  of  a  fixed  nature. 

*  The  presence  of  organic  substances^  especially  of  those  whidi 
in  the  pure  state  cannot  be  volatilised  by  heat  without  undergoing 
decomposition^  modihcs  in  v  arious  ways  the  behaviour  of  a  great 
number  of  re-agents  towards  inorganic  substances.  I  have 
shown  in  the  Furst  Part  of  this  yolume^  in  reference  to  the  inor- 
ganic oxydes,  what  are  the  changes  which  the  presence  of  organic 
bodies  produces  in  tlie  phenomena  resulting  from  their  contact 
with  the  re-agents^  and  if  I  beg  to  call  the  reader's  attention 
again  to  this  fact^  it  is  because  the  presence  €^  organic  substances 
prevents  many  oxydes  from  being  precipitated  from  the  solutions 
by  alkalies,  by  which  they  would  otherwise  be  completely  pre- 
cipitated. Even  wheu^  which  is  very  often  the  case  with  a  givat 
number  of  oxydes,  the  presence  of  an  oi^anic  substance  does 
not  prevent  their  detection  and  precipitation^  it  is,  nevertheless, 
very  inconvenient  in  many  other  respects  in  qualitative  analysis. 
Many  organic  substances,  for  example,  sugar,  giun,  and  the 
like^  render  the  fdtering  of  Uquids  and  the  separation  of  the 
precipitates  produced  by  the  re-agents  an  extremely  tedious 
and  difficult  operation.  Very  often  also  their  presence  renders 
it  impossible  to  collect  on  a  filter  the  metallic  sulphurets  \vh\ch 
sulphuretted  hydrogen  and  hydrosulphurct  of  ammonia  may 
have  produced  in  solutions  of  metallic  oxydes.  Frequently 
these  substances  remain  for  a  very  long  time  in  suspension 
without  subsiding.  The  same  is  the  case  with  the  precipitates 
of  sulphate  of  baryta,  sulphate  of  lead,  v^c.  The  presence  of 
some  non-volatile  or^ranic  acids,  for  example,  tartaric  acid,  mav 
render  it  diflicult  to  collect  on  a  filter  recently  precipitated 
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metallic  sulphurets,  though  much  less  than  is  the  case  with 
sugar^  gum,  and  other  organic  suhstances. 

*  The  best  thing  to  be  done  in  most  cases,  for  the  purpose  of 

finding  the  constituent  principles  of  an  inorganic  hody  mixed  or 
combined  with  organic  substances,  is  to  destroy  tlic  latter.  The 
easiest  way  of  effecting  this,  in  most  cases,  is  hy  ignition;  and 
the  best  way  of  doing  it  consists  in  heating  a  small  quantity  of 
the  substance  in  a  small  platinum  crucible,  by  means  of  the 
flame  of  a  spirit-lamp  with  circular  wick.  The  crucible  should 
be  placed  obliquely,  with  the  cover  so  placed  as  to  close  only 
aboot  thiee^fonrths  of  the  mouth  of  the  crucible.  The  access 
of  the  air  into  the  crucible  is  fiualitated  by  putting  a  thin 
strip  of  slicct-iron  in  the  imcovcred  part  of  the  crucible,  and 
stirring  the  red-hot  substance  from  time  to  time  with  a  platinum 
wire. 

*  If  the  substance  under  examination  contain  metallic  ozydes 
easily  reducible  by  charcoal,  the  combustion  of  the  organic 

matter  should  not  take  place  in  a  platinum  crucible,  because  it 
would  thereby  be  completely  spoiled.  The  operation  should 
then  take  place  in  a  porcelain  cmdble,  which  is  sometimes  more 
difficult,  because  it  is  impossible  to  heat  such  a  vessel  to  the 
requisite  temperature  by  means  of  a  spirit-lamp. 

*  AVheu  the  experiment  takes  place  with  large  quantities,  a 
hessian  crucible  may  often  be  employed,  and  the  heat  applied 
by  means  of  a  charcoal  fire.  When  the  substance  contains 
oxydes  which  are  easily  reducible,  the  organic  substance  may 
frequently  be  oxydised  by  means  of  nitric  acid  or  aqua  regia, 
which  however  gives  rise  to  the  production  of  other  substances 
the  presence  of  which  is  quite  as  troublesome.  This  effect  does 
not  take  place  when  the  organic  substance  is  oxydised  by  means 
of  nitrate  of  potash,  which  on  that  account  should  often  be 
preferred  to  nitric  acid  or  aqua  regia ;  it  is  only  necessary  to  act 
witli  circumspection,  and  not  to  deflagrate  too  large  portions  of 
nitre  at  a  time.  It  is  best,  therefore,  to  mix  the  substance  to  be 
oxydised  with  pulverised  nitre,  to  fuse  only  small  quantities  of 
the  mixture  at  a  time  in  a  porcelain  crodble  upon  the  flame  of 
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the  spirit-lamp,  aud  to  add  a  freak  quantity  ouly  alter  the 
complete  oxydisatiou  of  the  preceding  one.  Of  course,  in  the 
snbseqnent  euunination  of  the  substance  which  has  been  snb- 

mittcd  to  this  treatment^  regard  must  be  had  to  the  ]>otash, 
carbonic  acid,  and  a  j^rcater  or  less  quantity  of  nitric  ]and 
nitrous  acidsi  which  have  thus  been  introduced. 
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CHAPTEH  IV. 

COURSE  OF  BLOW-PIPE  OPERATIONS. 

•  ■■ 

*  In  the  qualitative  aiuilysis  of  comj)l(;x  substances  tlie  blow- 
pipe cannot  be  dispensed  withj  because  certain  bodies^  especially 
aevernl  metallic  oxydes,  are  thus  more  easily  and  accurately 
recognised  than  in  the  humid  way,  especially  upon  small  quan- 
tities. We  should  not  advise  to  trust  exclusively  to  the  hlow- 
pipe  for  the  qualitative  examination  of  a  substance,  especially  if 
it  contain  several  constituent  principles.  It  is  true  that  the 
operation  is  more  readily  successful  with  less  complex  com- 
pounds, hut  even  then  some  of  the  constituent  principles,  often 
of  an  essential  nature,  may  thus  be  overlooked,  because  a  ^at 
rnany  su])stauces  do  not  produce  very  distinct  plienonicna  mIicii 
treated  in  the  dry  way  before  the  blow-pipe;  whilst,  on  tlur 
other  hand,  some  substances  react  so  powerfully  as  to  eclipse  the 
reactions  of  the  other  bodies. 

*  The  operator,  however,  who  is  familiar  with  the  use  of  the 
blow-pipe,  begins  by  submitting  to  its  action,  if  nut  all  sub- 
stances, at  least  most  of  them ;  and  in  order  to  be  sure  that  he 
has  overlooked  nothing,  he  subsequently  proceeds  to  analyse 
them  in  the  humid  way.  Sometimes,  however,  the  experiment 
is  not  carried  further  than  the  examination  with  the  blow-pipe, 
especially  whcu  the  object  is  merely  to  ascertain  the  presence  of 
substances  which  may  be  detected  in  this  manner.  This  is 
frequently  the  case  in  analysis  for  technical  purposes.  Where- 
fore I  have  thought  fit  to  indicate  the  course  to  be  adopted  for 
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the  detection  of  the  presence  of  those  cotistituent  bodies  which 
may  be  aocurately  xeoognised  by  the  blow-pipe. 
4(  I  will  sappose  the  leader  acquainted  with  the  eomtmctioii 

of  the  hlow-pipe,  its  form,  and  the  parts  of  which  it  is  composed, 
the  apparatus  to  be  used  with  the  blow-pipe,  and  the  precaution 
to  be  taken  whilst  using  the  instrument.  All  these  points  have 
been  developed  in  a  complete  manner  by  Benetins  in  his 
treatise  on  the  blow-pipe,  to  which  work  the  reader  is  referred, 

*  The  first  operation  should  take  place  on  very  small  portions 
of  the  substance  under  oxaminjition,  and  it  is  only  subsequently 
that  the  substance  is  dissolved  in  the  fluxes. 

'i'  The  course  to  be  adopted  for  the  detection  of  the  consti- 
tuent parts  of  an  unknown  snhstance  by  means  of  the  blow-pipe 
alone,  is  as  follows : — 

nRST  OPERATION. 

The  substance  is  to  be  heated  in  a  small  glass  niatras,  or  in  a 
glass  tube  sealed  at  one  end.  At  first  only  the  flame  of  a  small 
spirit-lamp  is  applied,  the  object  of  this  operation  being,  as  I 
have  said  (page  583),  to  ascertain  whether  the  substance  con- 
tains any  volatile  principles,  or  whether  any  organic  mat- 
ter forms  part  of  the  compound.  The  heat  is  subsequently 
increased  by  urging  the  flame  of  the  spirit-lamp  with  the  blow- 
pipe. The  substances  which  in  this  operation  may  be  volatilised 
without  decomposition,  or  after  having  been  decomposed,  are 

principally  the  following: — 

*  Water  may  be  contained  in  the  substance  under  examina- 
tion, either  as  an  essential  constituent  part,  or  as  water  of  decre* 
pitation.  A  little  experience  soon  enables  the  operator  to  judge, 
from  the  quantity  which  condenses  on  the  cold  sides  of  the  tube, 
whether  it  is  an  essential  constituent  portion  of  the  substance, 
or  whether  it  is  only  hygroscopic  water.  The  operator  must 
likewise  examine  whether  the  liquid  thus  obtained  has  an  alka- 
line  or  an  acid  reaction,  or  behaves  like  pure  water  towards 
litmus  paper.  If  it  have  an  alkahiic  reaction,  it  can  be  owing 
to  nothing  else  but  amnwnia,  the  presence  of  which  may  be 
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recognised  by  the  white  clouds  wluch  a  glass  rod  moistened 
with  muriatic  acid^  will  produce  when  held  over  the  said 
liquid. 

*  Volatile  acids  in  the  gaseous  or  in  the  liquid  state.  The 
add  salts  of  the  acids  which,  iu  the  pure  or  in  the  aqueous  state, 
are  volatile^  being  heated  in  a  small  glass  matrass,  by  means  of 
the  blow-pipe  or  of  the  flame  of  the  spirit-lamp,  lose  the  excess 
of  acid,  which  then  strongly  reddens  blue  litmus  paper  previously 
moistened  and  introduced  into  the  neck  of  the  matrass.  A  few 
only  of  the  neutral  salts  of  these  volatile  acids  are  decomposed 
when  thus  heated  in  a  small  glass  flask ;  such  is  especially  the 
case  with  a  great  number  of  neutral  nitbates,  which  fill  up  the 
flask  with  red  fumes  of  nitrous  acid.  It  is  safe  to  treat  the 
nitrates  by  bisuiphate  of  potash,  in  the  manner  which  will  be  indi- 
cated further  on because  when  thus  treated,  they  all  react  in 
the  manner  just  alluded  to.  The  acids  of  the  hyposulphatbs 
and  HTPOsuLPHiTBs  are  likewise  decomposed  when  these  salts 
are  heated  in  the  small  glass  flask,  and  may  be  rccugnised  jui  such 
by  the  odour  of  sulphurous  acid  evolved  (page  208).  In  a  few 
cases  hydrofluoric  acid  may  likewise  be  expelled  flrom  the  combi- 
nations OF  FLVOBiNB,  by  the  application  of  heat  alone;  such  is 
the  Cfise  when  the  compound  contains  at  the  same  time  a  little 
water  (page  41-1). 

*  Sulphur  and  some  metallic  sulfuurets. — From  the  sub- 
stance under  examination  a  sublimate  of  n^phtar  may  take  place 
when  this  body  is  either  merely  in  the  state  of  mixture,  or 
when  the  substance  contains  metaUic  sutphurets  which  are 
susceptible  of  abandoning  part  of  their  sulphur  when  heated  out 
of  the  contact  of  the  air.  In  this  case  the  sulphur  sublimes 
in  the  form  of  drops^  which  are  reddish-brown  whilst  hot^  but 
which,  on  cooling,  assume  the  characteristic  yellow  colour  of 
sulphur.  The  metallic  sutphurets  which,  being  treated  in  tliis 
manner,  are  reduced  by  the  loss  of  part  of  this  sulphur  into  a 
lower  degree  of  sulphuration,  have  been  enumerated  (page  476) ; 

>  See  page  598^Ed. 
Q  Q 
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but  there  are  several  others  which  may  lose  a  certain  qnautitj  of 
their  sulphur,  which  condenses  on  the  cold  sides  of  the  tnbe  or 
small  flask  j  because,  when  thus  heated,  it  is  impossible  to  sh^ter 

them  altogether  from  the  contact  of  the  air;  in  consequence 
of  which  the  oxygen  of  the  air  expels  a  small  portion  of  the 
sulphur  which  they  contain.  The  number  of  the  netalliic 
sulphurets  which  sublime  without  decomposition,  is  very  incon- 
siderable, and  is  limited  to  suLPiirRET  of  mercury,  which 
acquires  a  red  colour  by  trituration,  and  the  suLFau&ETS  or 
ARSBNic,  which  might  be  easily  mistaken  by  an  inezpesieiioed 
operator  for  pure  sulphur;  but  the  presence  of  arsenic  may 
be  easily  detected  therein  by  the  methods  wliich  have  been 
indicated  (page  352)  K 

*  SiLBNitTM  and  some  hbtaixic  silbniuebts. — Selenium  maT 

m 

be  sublimed  in  the  same  drcumstances  as  sulphur,  either  becmiae 
some  selenium  is  actually  mixed  with  the  substance,  or  because 
the  latter  contains  metallic  seleniurets  rich  in  selenium.  The 
selenium  condenses  in  small  quantity  under  the  form  of  a  reddish 
sublimate ;  if  in  more  considerable  quantity  the  sublimate  has  a 
black  colour,  but  yields  a  deep-red  powder  by  trituration,  and 
which  may  be  recognised  by  the  odour  of  its  fumes.  Sec 
(page  iDd).  Amongst  the  metallic  seleniurets  those  of  mshcl  ky 
and  of  ABSBNic  are  volatilisable,  yet  the  latter  undergoes  alight 
decomposition  during  the  experiment. 

*  Volatile  metals. — They  are  principally  ARi>ENic,  mek- 
CUBY,  CADMIUM,  TELLURIUM,  all  of  wluch  have  a  metallic  lustre 
and  a  black  or  grey  colour. 

Arsbnic  sublimes  both  when  it  forms  an  essential  portion  of 
the  substance  under  examination,  and  wlicn  this  substance  con- 
sists of  metallic  arscniurets,  containing  a  large  quantity  of  arsenic, 
and  susceptible  of  being  converted  by  heat  into  less  aiaenietted 
arseniurets,  or  into  aiseniurets  in  which  the  arsenic  has  onfy  s 


>  This  yellow  sublimate  inay  at  once  be  identified  as  sulphur,  if  it  Im>  puch,  hy 
acr»ping  a  portion  otl*  the  tube  with  a  knife  or  strip  tif  platinum  foil,  and  jdacina  ii 
in  or  close  to  the  flame  of  the  spirit-hirap,  when  it  will  immediately  ignite  and  Kurn 
witfi  tiie  hmlMiit  Um  flame  of  ■iilphur,Mid  emit  the  odoar  of  sulphui-ous  acid.— £x>. 
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weak  affinity  for  the  other  metal.  Among  the  first  of  this  class 
we  may  name  the  alloys  of  arsenic  with  nickel  (arsenical  nickel), 
with  rohalt  (grey  cobalt),  with  iron,  &c.  The  alloys  of  arsenic 
with  atUimontj  may  be  named  as  examples  of  the  second  class. 
A  few  arsemtet  yield  likewise  metallic  arsenic  when  heated  ont 
of  the  contact  of  the  air.  It  is  exceedingly  easy  to  detect  the 
presence  of  the  most  minute  traces  of  a  sublimate  of  metallic 
arsenic. 

*  Mekcuby  may  be  sublimed  firom  most  of  its  compounds^  and 
it  is  more  easily  identified  than  any  other  metal.  If  the  quantity 
be  inconsiderable^  it  often  yields  a  grey  sublimate  onl}-,  but  in 
which  globules  of  mercury  may  be  distinctly  rendered  apparent 
by  touching  it  with  a  rod  of  glass  or  of  wood. 

*  Cadmium  may  be  snblimed  from  some  of  its  alloys,  and  is 
recognised  by  several  of  its  properties^  especially  because,  when 
heated  in  contact  with  the  air,  it  is  converted  into  brownish-yellow 
oxyde  of  cadmium  (page  522). 

*  TsLLUBivM  is  more  difficultly  volatiUsable ;  heated  in  a 
small  glass  flask  a  bright-red  heat  is  required  to  sublime  it,  and 
it  condenses  on  the  cold  sides  of  the  tube  or  fiask  in  the  form  of 
small  metallic  drops,  which  resemble  those  of  mercury,  except 
that  they  are  solid. 

*  Volatile  solib  acius  anb  oxydes. — ^The  following  belong 
to  this  class:  Oxybs  or  antimony,  which  first  fuses  into  a 
yellow  liquid,  and  then  sublimes  uiuler  the  form  of  shining 
crj'stalline  needles;  TELLUaious  acid,  which  behaves  nearly 
like  the  above,  but  is  much  more  difficultly  volatilisable,  and 
which  yields  a  sublimate,  but  which  is  not  crystalline  *  (page 
227);  ARSENious  ACID,  which  is  very  easily  sublimed  ;  arsenic 
ACID,  which  is  converted  by  a  strong  heat  into  oxygen  gas  and 
arsenious  add,  and  then  ^'ields  the  same  sublimate  as  arsenious 
acid' I  osMic  acid,  which,  being  heated,  sublimes  in  the  form 

*  BerzcUus  says  that,  when  operating  on  small  quMltities,  tellurions  ftdd  is 
generally  sublimed  in  the  form  of  a  powder ;  but  SOmotillMSAlso^  tbooghvaiyiwelj, 

the  sublimate  is  in  the  form  of  crj  Rtnl?.  F]r>. 

'  Araeniooa  acid  sublimes  in  the  form  of  a  wliite  powder,  which  being  softened 

QQ2 


Digitized  by  Google 


596 


BLOW-PIPB  OPERATIONS. 


of  small  white  drops,  with  diseugagcmeut  of  a  strong,  pungent 
odour  (page  829). 

*  YOLATILB  8ALTB. — ^Thc  AMICONIAOAX.  SALTS  beloug  tO  this 

dasB,  most  of  which  are  completely  volatUiBedy  or  which  sublime 

only  partially  when  they  contain  a  fixed  acid  (pa^c  21).  The 
ammouiacal  salts  may  easily  be  distinguished  from  other  salts 
by  mixing  them  with  soda^  adding  water  to  the  mixture  so  as  to 
form  a  pasty  mass,  and  exposing  it  to  a  gentle  heat  upon  a  piece 
of  platinum  foil,  by  which  means  a  strong  odour  of  ammonia 
is  evolved. 

*^  Among  the  haloid  salts  we  must  particularly  mention  the 
FXRCHLOBiDB  OP  MBRCVKT  (corrosive  suhlimate)i  which  begins 
to  melt  at  a  very  gentle  heat,  and  then  sublimes ;  the  svb* 
CHLORIDE  OF  MERCi  Kv  (culomcl),  wliich  sublimcs  without  pre- 
vious fusion,  and  thus  }nelds  a  sublimate  which  has  a  yellowish 
tinge  whilst  hot,  but  is  white  after  perfect  cooling.  The  two 
chlorides  of  mercuiy,  like  all  the  combinations  of  this  metal, 
generally  yield  a  sublimate  of  mercurial  globules  when  mixed 
with  soda,  and  then  heated  in  a  small  ghuss  flask  or  tube.  The 
compounds  of  bromine  and  of  iodinb  with  mbbcuky  behave 
nearly  like  the  chlorides  of  that  metal,  except  that  iodide 
mercury,  which  is  red,  yields  a  yellow  sublimate;,  which,  however, 
becomes  red  bv  trituration. 

*  Although  we  may  not  discover  any  volatile  principles  in 
a  substance  which  we  intend  to  analyse,  yet  it  is  frequently 
neoessafy  to  heat  it  in  a  small  glass  tube  or  flask  in  the  flame 
of  a  spirit-lamp,  when  it  strongly  decrepitateM,  because  this 
decrepitation  might  subsequently  interfere  with  the  operations 
to  which  this  substance  may  ulteriorly  be  subjected.  The 
substances  which  thus  strongly  decrepitate  are  generally  ankjf- 
drew  ealte,  and  likewise  many  minerals  found  in  nature,  and 
amongst  them  certain  metalhc  sulphurets  and  their  compoimds. 

by  ft  move  moderate  heal  acqnirni  a  vitMous  testare ;  according  to  Bcffnlin^  It  k 
odIjt  wImh  aaUimed  dowljr  and  in  eapaeioiis  TMBda  that  ansDions  add  oondensn 
into  oetebedral  eiystate.  This  white  anblimato  of  anenions  oeid  faaa»  hvmfw,  a 
cfTitaUiiio  appeontice  when  viewed  tfanmgh  a  mognifyi^g  g|M».— Eo. 
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*  In  some  cases^  after  having  thus  heated  the  substance  in 
question,  it  is  to  be  treated  with  several  re»agents,  without 
removing  it  ftom  the  small  glass  tube  or  flask.  This  is  douc, 
as  may  be  guessed  from  the  preceding  details,  when  it  is  suspected 
that  it  contains  a  combination  of  mercury.  It  is  then  to  be 
mixed  with  an  excess  of  well  dried  soda,  heated  first  in  the 
flame  of  the  spirit-lamp,  and  the  heat  is  subsequently  increased 
by  urging  the  flame  witli  the  blow-pipe.  If  the  substance 
contain  a  combination  of  mercuiy,  a  grey  coating  of  sublimed 
mercury  will  be  formed.  It  sometimes  happens  that  this  grey 
coating  cannot  be  immediately  recognised  as  metallic  mercury, 
in  wliich  case  the  operator  is  obliged  to  agglomerate  the  par- 
ticles a  httle  by  touching  it  with  a  glass  or  a  wooden  rod,  which 
renders  the  globules  of  mercury  easily  visible.  If  the  substance 
contained  water,  or  if  the  soda  employed  was  not  well  dried, 
water  is  volatilised  at  the  same  time,  which  condenses  in  small 
drops  on  the  cold  sides  of  the  tube,  and  which,  subsequently 
flowing  in  the  form  of  large  drops,  may  break  the  tube;  it  is 
therefore  advisable  to  heat  the  soda  in  a  small  crucible  imme- 
diately before  the  experiment,  in  order  to  expel  the  water  it 
might  contain;  it  is  likewise  advisable  to  hold  the  tube  as 
horiiontally  as  possible.  If  the  substance  in  question  is  a  vefy 
volatile  combination  of  mercury,  for  example,  a  combination  of 
mercurj'^  with  chlorine  or  with  bromine,  it  may  happen,  espe- 
cially if  the  heat  be  unskilfully  managed,  that  the  greatest  part 
or  almost  the  whole  of  that  substance  will  volatilise  before  the 
soda  has  had  time  to  decompose  it,  so  that  little  or  no  sublimate 
of  mercury  is  obtained ;  in  such  cases  it  is  better  that  the  soda 
employed  be  not  altogether  free  from  water,  and  not  to  heat 
the  mixture  in  the  flask  or  tube  slowly,  but  on  the  contrary,  to 
apply  suddenly,  if  possible,  a  strong  heat ;  but  even  then  a  por- 
tion of  the  combination  is  sublimed  without  having  been  decom- 
posed. This  inconvenience  can  be  obviated  only  by  moistening 
the  mixture  in  the  small  flask  or  tube  with  water,  and  leaving 
it  at  rest  for  a  few  minutes  before  applying  heat ;  but  by  acting 
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ill  this  manner  it  is  very  difficult  to  avoid  tlie  breaking  of  the 
vessel  whilst  heating  it. 

*  The  only  other  le-agent  besides  aoda  which  is  resorted  to  in 
these  experiments  is  bistUj^haie  of  pota$h»  It  is  nsed  for  the 
purpose  of  reco^isiug  the  acids  contained  in  the  salts  after 
they  have  heen  separated  from  their  bases  by  fusing  these 
salts  with  this  re-agent.  It  is  employed  especially  liar  the 
purpose  of  ascertaining  the  presence  of  nitric  acid  in  aD 
NITRATES.  The  nitrates  are  to  be  mixed  with  some  bisulphate 
of  potash,  and  the  mixture  being  introduced  in  a  small  glass 
flask  or  tube  is  to  be  heated  in  the  flame  of  a  spirit-lamp^ 
without  the  help  of  the  blow-pipe,  by  which  means  a  disengage- 
ment of  thick  red  fumes  of  nitrous  acid  is  produced.  The  same 
process  is  employed  to  expel  hydi'otiuoric  acid  from  the  com- 
binations OP  FLUOBiNB,  the  presence  of  which  is  detected 
because  it  corrodes  the  neck  of  the  flask  or  the  inside  of  the 
tube.  The  combinations  op  iobinb  heated  in  tbe  same 
manner  with  b'mdphate  of  potash  yield  >iolet  fumes  of  iodine, 
and  a  black  sublimate  of  iodine  condenses  on  the  cold  sides  of 
the  tube,  sulphurous  acid  being  at  the  same  time  disengaged. 
The  combinations  op  bbominb  treated  in  the  same  manner 
exhale  also  gaseous  bromine,  but  generally  in  such  small 
quantity  that  it  docs  not  constitute  a  conclusive  test  of  the 
presence  of  bromine  in  such  compounds^ 

*  In  order  to  detect  the  presence  of  sulphuric  acid  in 
sulphates  having  a  metallic  oxyde  for  a  base,  the  salt  must 
first  be  deprived  of  the  water  which  it  may  contain ;  it  is  then 
to  be  mixed  with  pulverised  charcoal,  and  the  mixture,  being 
introduced  in  a  small  glass  flask  or  tube,  is  to  be  heated  by  the 
l)luw-pipc,  by  which  means  a  strong  odour  of  sulphurous  add 
will  be  evolved. 

SECOND  OPERATION. 

*  After  having  treated  the  substance  imder  examination  in  a 
small  glass  flask  or  tube  closed  at  one  end,  as  mentioned  in  the 
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first  operation,  it  is  to  be  heated  in  a  glass  tube  open  at  both 
ends  [and  held  in  an  inclined  position],  first  in  the  flame  of  the 

spirit-lamp  alone,  and  then  in  the  same  flame  nr^ed  by  the 
blast  of  the  blow-pipe.  The  object  of  this  operation  is  to 
ascertain  whether  the  substance  being  thus  heated  in  a  current 
of  atmospheric  air  will  yield  any  volatile  matter.  During  this 
treatment  the  operator  may  increase  or  diminish  tlie  cnrrent 
of  air  through  the  tube,  for  if  it  be  held  in  quite  a  horizontal 
position,  the  current  of  air  is  almost  null;  but  it  becomes 
more  and  more  active  as  the  tube  is  held  more  and  more 
vertically. 

*  The  volatile  bodies  which  are  produced  whilst  roasting 
the  substance  under  examination  in  a  current  of  atmospheric 
air,  escape  at  times  in  the  fbrm  of  gases,  which  their  odour  may 
sene  to  reco^ise ;  at  other  times  in  the  form  of  a  snblimate, 
which  condenses  on  the  cold  sides  of  the  tube^  and  at  a  more  or 
less  considerable  distance  from  the  ignited  substance,  according 
to  the  greater  or  less  degree  of  volatility. 

A.  GASEOUS  SUBSTANCES^  WHICH  MAY  BE  RECOGNISED  BY 
THEIR  PECULIAR  ODOUR  DURING  ROASTING. 

*  Sulphurous  acid  belong:^  to  this  order,  and  it  is  formed 
when  the  substance  contains  metallic  sulpuurbts.  The  least 
quantity  of  this  add  may  be  identified  by  its  odour^  when  after 
having  brought  to  a  red  heat  the  substance  contained  in  the 
tube,  held  horizontally,  the  extremity  of  the  tube  is  immediately 
brought  under  the  nose  whilst  holding  it  as  perpendicularly  as 
possible.  A  strip  of  moistened  braxil-wood  paper  introduced  in 
the  interior  of  the  raised  end  of  the  tube  is  decolorised  by  the 
sulphurous  acid.  Almost  all  metallic  fnilphiireis  being  thus 
treated  disengage  sulphurous  acid.  Some  of  them  yield  a 
sublimate  of  sulphur  besides.  This  is  the  case  especially  with 
those  whicfa^  when  heated  in  the  small  glass  flask,  have  already 
lost  a  portion  of  sulphur ;  yet  this  phenomenon  depends  also  on 
tlic  greater  or  less  degree  of  inclination  given  to  the  tube  whilst 
the  roasting  is  taking  place.    Some  meiaUic  stdpkureU  yield 
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other  sublimates  besides^  of  which  we  shall  speak  further  on. 
.   The  native  mUphureis  €f  zinc  and  of  mofybdenum  are  thoee  whidi 

yield  snlphurom  acid  with  most  difficulty  whilst  roasting,  \^^len 
compounds  of  metallic  sulphurcts  and  arseniurots  have  beeu 
treated  in  a  small  glass  flask,  and  have  thus  yielded  a  aublbnate 
of  arsenic,  they  may  still  exhale  an  odour  of  snlpharons  add 
when  hcutcd  in  a  j^lass  tube  open  at  both  ends;  this  is  parti- 
cularly the  case  with  the  arseuicai  pyrites. 

*  The  presence  of  sxlbnium  and  of  mbtallic  8blbniijuts 
may  likewise  be  recognised  by  the  odour  which  is  disengaged 
during  the  roasting  ;  but  no  sublimate  of  selenium  is  obtaiuctl, 
especiidly  when  the  tube  is  not  held  too  horizontally, 

*  A  few  HBTAixic  ARSBNtUBBTS  exhale  an  odour  of  absbxic 
when  roasted  in  the  tube.  This  phenomenon,  however,  is  pra- 
duccd  onlv  bv  those  which,  besides  a  sublimate  of  arseuious 
acid,  yield  one  of  arsenic  also  when  the  tube  is  not  held  too 
horizontally.  If,  whilst  roasting  the  mttaUU  artenmreU  in 
the  tube,  nothing  but  arsenious  add  is  formed,  no  odour  of 
arsenic  is  exhaled. 

a  SUBSTANCES  WHICH,  BBING  ROASTED  IN  A  GLASS  TUBE 
OPEN  AT  BOTH  ENDS,  YIELD  A  BUBUHATB. 

*  If  the  sublimate  be  whiie,  it  consists  generally  of  oxydes, 
which  sometimes  exist  ready  formed  in  the  substance  under 
examination,  and  sometimes  are  formed  by  the  oxydiaation  of 
the  metal  during  the  roasting.   The  following  belong  to  tins 

class  : — 

Arsenious  acid. — This  acid  is  formed  during  the  roasting 
of  metalUc  artetmrets,  and  condenses  on  the  <x>ld  sides  of  the 
tube,  in  the  form  of  a  white  sublimate,  which  has  a  erystafline 

appearance  when  \newed  through  a  raaguifying-glass.  The 
smallest  particle  of  this  sublimed  acid  may  then  be  treated  as 
form^ly  indicated  (page  for  the  purpose  of  determining 
whether  it  contams  arsenic.  Certain  metallic  arseniureta  being 
roasted,  yield  arsenious  acid  more  easily  than  other  nu  tallic 
arseniurets,  aud  its  production  often  requires  that  the  substance 
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be  held  for  a  long  time  at  a  red  heat,  by  directiiig  upon  it  the 
flame  of  the  bbw-pipe ;  such,  for  example,  is  the  case  with  grey 
cobaU.  Certain  metalHe  anenmret»  being  rotustcd  in  a  tube 
open  at  both  ends,  yield  both  arsenious  acid  and  metallic  arsenic. 
Submitted  to  the  same  treatment,  the  sulphurets  of  anenic, 
or  the  substances  which  contain  them,  generally  yield  both 
orMemmu  acid  and  a  mMmaie  of  red  mlphuret  of  arsenic,  or 
even  of  ytllow  sulphuret  of  arsenic ;  the  latter,  as  we  have 
"  already  observed  ',  may  be  mistaken  for  sulphur.  Anenunti 
acid  may  likewise  be  disengaged  by  roasting  in  a  tube  open  at 
both  ends,  from  substances  which  contain  a  great  excess  of 
arsc/iiot/s  or  of  arsenic  acids,  or  which  are  principally  composed 
of  both  these  acids. 

*  OxTDB  OF  ANTiiiONY.— This  oxydc  is  sublimed  when  anti- 
mony  or  meiaiUe  antimimkirets,  sulphuret  of  antimony,  or  com- 
binations containing  sulphuret  of  antimony  are  roasted,  and 
likewise  when  oai/de  qf  antimony  or  compounds  containing  it 
are  heated  in  a  tube  open  at  both  ends.  The  sublunate  thus 
produced  is  white ;  a  gentle  heat  is  sufficient  to  shift  it  from 
one  place  to  auuLiicr,  which  circumstance  chiefly  characterises 
it  (page  181).  In  most  cases,  however,  the  fumes  produced  in 
the  tube  by  roasting  substances  which  contain  antimony  are 
not  due  to  tupyde  of  antimonif  alone,  but  to  some  anHmonimu 
acid,  which  is  not  volatile,  it  is  true,  but  wliich,  when  the 
roasting  takes  place  in  contact  witli  the  air,  is  formed  at  the 
expense  of  the  oxyde  of  antimony  during  its  volatilisation,  and 
condenses  also  in  the  cold  sides  of  the  tube  under  the  form  of 
a  sublimate,  above  the  point  occupied  by  the  substance  under 
examination.  Such  a  sublimate,  consisting  of  oxyde  of  anti- 
mony and  of  antimonious  add,  cannot  therefore  be  wholly 
volatilised  by  heat.  This  sublimate  is  especially  produced  by 
the  roasting  of  sulphuret  of  antimony,  or  of  substances  con- 
taining sulphuret  of  antimony,  and  of  some  metallic  antimoni- 
urets,  principally  when  the  metals  combined  with  the  antimony 

>  See  |Mge  594  and  iiote.~BD. 
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are  easily  oxydisable.    When  the  subatancea  which  oontasn 

jntlphurei  of  antimony  contain  lead  also  (as,  for  example,  in  the 
mineral  called  bourtwnitt),  the  roasting  iu  the  glass  tube  fields  ! 
a  white  precipitate,  which  is  partly  volatile  and  partly  non- 
volatile, and  which  oonasts  of  oiyde  of  antimony  and  of 
antimoniate  of  lead. 

*  Tellurious  acid. — The  sublimate  of  tellurums  acitl  i- 
formed  whilst  roasting  tellurious  add  and  tiietalHc  UUurets,  alao 

> 

when  teUurkm  acid  and  some  of  its  combinations  are  heated 
in  an  open  glass  tube.   The  volatilised  tellnrioas  acid  forms  a 

white  smoke,  but  is  much  less  volatile  than  oxyde  of  antimonT. 
from  which  it  can  therefore  be  easily  distinguished^  because  it  | 
cannot  be  shifted  from  one  place  to  another  by  heating  it,  and 
because  the  application  of  heat  fuses  it  into  colonrleas  drops 
(page  'Z'iO).  When  luitallic  tellurets  contain  lead,  a  sublimate 
of  tellurious  acid  is  formed,  it  is  true^  at  a  certain  distance 
from  the  substance  under  examination,  but  another  sublimate 
takes  place  nearer  that  substance,  which  is  a  combination  of 
tellurious  acid  and  oxyde  of  lead,  which  cannot  be  fused  into 
drops,  and  which  therefore  might  be  mistaken  for  autimomous 
add. 

*  Chloridb  of  lbad  volatilises  nearly  in  the  same  manner 
as  tellurious  acid,  and  fuses  likewise  into  drops  when  heated. 

*  Oxyde  of  bismuth  is  formed  during  the  oxydisation  (in 
the  tube)  of  mlphuret  of  bismuth,  and  of  the  alloys  of  bismutk 
with  other  metals,  but  scarcely  any  sublimate  is  produced  by 
roasting  bismuth  itseff.   The  sublimate,  being  heated,  fuses  into 
drops,  but  \\  hicli  are  brownish  or  yellowish,  a  character  which 
distinguishes  it  from  the  sublimate  of  tellurious  acid.    A  sub-  I 
stance  which  contains  bismuth,  upon  being  heated  red  hot  in 
the  tube,  becomes  surrounded  by  a  sublimate  of  fused  oxyde  | 
of  bismuth,  which  is  of  a  dark-yellow  colo\ir  whilst  hot,  but  ' 
which  becomes  of  a  lighter  hue  in  cooling.    This  phenomenon 
easily  distinguishes  bismuth  from  several  other  metals ;  but  it  is 
more  difficult  to  distinguish  it  in  this  manner  from  lead,  tiie 
combinations  of  which,  when  treated  in  that  way,  become  likeviise 
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surrounded  with  a  fused  yellow  oxydc,  the  colour  of  which, 
however^  is,  after  oooling,  lighter  than  that  of  fused  oxyde  of 
bismuth.    But  we  shall  describe  further  on  how  these  two 

metals  may  easily  be  distiDguislicd  from  each  other  iu  their 
combinations. 

*  Other  metals,  besides  anemc,  UUurkm,  on/tmofiy,  and  dw- 
mitih,  yield  a  white  sublimate  when  their  combinations  are 
heated  in  the  open  tube.   Among  these  metallic  compounds  we 

mav  name  sulphuret  op  lead  and  seleniuret  of  lead,  which 
yield  white  sublimates  of  sulphate  and  of  selcuite  of  lead. 
These  sublimates  become  grey  when  heated,  and  may  thus  be 
fused.  (I  have  had  already  several  times  occasion  to  remark, 
that  the  combinations  of  lead  with  the  metals  and  other  sub- 
stances, being  heated  in  the  tube,  yield  subhmates,  when  the 
effect  of  the  ozydisation  of  these  metals  is  to  produce  volatile 
metallic  oxydes  or  acids.)  PsasvLPHirRET  or  tin  yields  a  thick 
smoke  of  peroxydc  of  tin,  which  carmot  be  volatilised  by  heat  j 
MOLYBDic  ACID,  heated  in  the  open  tube,  is  volatiUsed  partly 
under  the  form  of  a  white  pulverulent  sublimate,  and  partly 
under  the  form  of  brilliant  crystals,  with  a  slight  yellowish 
tinge,  whilst  mUphuret  of  mohjbdemm,  being  treated  in  the 
same  manner,  yields  sulphurous        only,  and  no  sublimate. 

*  All  the  sublimates  which  are  formed  by  oxydising  sub- 
stances in  the  open  tube  are  white,  but  the  coloured  substances 
which  can  be  already  volatilised  out  of  the  contact  of  the  air  in 
the  small  glass  flask,  are  still  more  easily  volatilised  in  the 
open  tube.  Most  of  the  combinations  of  mercury  yield  a 
sublimate  of  metallic  mercury  when  heated  in  the  open  tube; 
if  su^ihuret  qf  mercury  be  thus  treated,  part  of  it  volatilises 
without  decomposition,  and  another  portion  yields  likewise 
metallic  mercury,  which  being  more  volatile  than  the  sulphuret, 
condenses  on  the  cold  sides  of  the  tube  at  a  greater  distance 
fxom  the  heated  point.  The  chlobidbs  of  kbbcvrt  are  vola- 
tilised in  the  open  tube  without  decomposition. 

*  I  have  indicated  (page  440)  how  the  metallic  fluorides 
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can  be  recognised  by  heftting  them  in  an  open  tube,  with  or 

without  microcosmic  salt. 

THIRD  OPERATION. 

*  Aftbe  having  tried  the  lubstance  in  the  small  glaaa  flaak^ 

aud  ill  the  open  tube,  another  portion  is  to  be  taken  and  heated 
by  itself  in  the  flame  of  the  blow-pipe.  The  object  of  this 
operation  is  not  only  to  ascertain  whether  the  substance  is 
fiuible,  but  also  to  obsenre  the  change  of  colour  which  it 
undergoes,  or  which  it  communicates  to  the  flame,  and  also 
the  changes  which  it  exhibits  both  in  the  oxydising  and  lu  the 
reducing  fiunie.  For  this  purpose  the  substance  is  heated 
according  to  the  object  in  view,  either  on  a  charcoal  support 
or  between  the  platinum  points  of  a  forceps,  or  upon  platinum 
wire. 

*  1.  In  order  to  ascertain  the  degree  of  i-lsuulity  of 
substances  before  the  blow -pipe,  they  are  to  be  placed  upon 
a  charcoal  support  when  they  consist  of  metals,  or  of  eaaOy 
reducible  metallic  oxydes,  or  in  general  when  they  contain 
bodies  susceptible  of  attacking  platinum ;  and  then  they  are 
exposed  to  the  hottest  part  of  the  flame  [that  is  to  say,  to  the 
reducing  flame] .  If,  however,  the  substance  is  composed  of  con- 
stituent principles  which  cannot  attack  platinum  in  the  hot  way, 
a  small  fragment  or  splinter  of  the  substance  is  to  be  taken  and 
exposed  to  the  hottest  part  of  the  flame  by  holding  it  between 
the  points  of  a  platinum  forceps.  This  latter  process  is  especially 
applicable  to  substances  which  contain  silicic  acid,  or  other 
minerals  which  contain  about  the  same  principles,  but  in  yery 
diflferent  relatiye  proportions,  and  which  may  veiy  often  be 
distinguished  from  each  other  by  their  different  degrees  of 
fusibility  l)cforc  tlic  blow-pipe.  If  the  substance  under  exami- 
nation is  in  the  form  of  small  grains,  one  of  them  is  to  be  placed 
upon  the  charcoal  support,  and  the  flame  of  the  blow-pipe  is 
directed  upon  it.  If  the  substance  be  in  powder,  it  may  be 
kneaded  with  saliyay  and  a  small  portion  is  placed  upon  the 
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charcoal  rapport ;  but  in  that  case^  if  the  substance  be  infusible^ 
or  difficultly  fusible^  the  operator  can  hardly  prevent  its  being 

carried  away  by  the  blast. 

*  Most  M£TAL8  fuse  bcforc  the  flame  of  the  blQW-pipe^  and  all 
of  them^  except  those  called  noble^  are  subsequently  ozydised 
by  the  exterior  flame.  Among  the  noble  metids,  gold  and 
siLVsa  fuse  before  the  blow-pipe  without  undergoing  the 
slightest  change;  platinum,  iridium,  palladium,  rhodium^ 
OSMIUM,  are  infusible ;  yet  otmmm  is  oonYcrted,  by  the  exterior 
flame,  into  osmic  acid  which  volatilises.  Among  the  other 
metals  the  oxydes  of  which  are  reducible  by  the  interior  flame, 
especially  with  the  help  of  soda,  molybdenum,  tungsten, 
NICKEL,  COBALT,  and  IRON,  arc  infusible.  Among  the  number 
of  the  metals  which  have  not  been  named,  there  are  several 
which  are  infhsible  also ;  but  those  cannot  be  obtained  in  the 
metallic  state  by  means  of  the  blow-pipe. 

*  Most  METALLIC  SULPHURET8  fusc  whcn  treated  before  the 
blow>pipe  upon  charcoal,  and  this  effect  often  takes  place  with 
sulphurets  of  metals,  the  oxydes  of  which  are  infusible ;  but 
msmy  of  these  sulphurets  become  rapidly  oxydiscd  during  the 
operation,  and  exhale  an  odour  of  sulphurous  acid  in  the  same 
way  as  when  treated  in  the  open  tube,  and  are  thus  converted 
into  metalHc  oxydes  (page  475). 

*  Most  of  the  pure  metallic  oxydes  arc  iufusiblc  ;  yet 
several  of  them,  when  treated  in  the  exterior  flame,  pass  to  a 
higher  degree  of  oxydisation;  and  when  treated  in  the  interior 
flame  are  reduced  to  a  lower  degree  of  oxydisation,  or  even  to 
the  metallic  state.  The  infusible  oxvdes  arc — baryta  and 
strontia,  the  hydrates  and  carbouates  of  which  are  fusible, 
but  are  converted  into  the  pure  earths  when  heated  upon 
charcoal,  and  then  form  infusible  masses;  limb,  which  becomes 
very  luminous  when  thus  treated;  magnesia,  alumina,  glucina, 
YTTBIA,  ZIRCON  I  A,  wliich  bccomc  very  luminous  also  by  the 
action  of  the  heat;  silicic  acid,  tungstic  acid,  oxyde  or 
chromium,  ANTiMONiovs  ACID,  which,  howcver,  is  reduced  by 
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the  interior  flame  into  volatile  oxyde  of  antimony ;  taktalic 

ACW,  TITANIC   ACID,  PROTOZYDB  OP  UEANIUM,  PBBOZTDB  OP 

VBANivUj  wbich  18  reduced  by  the  flame  of  the  blow-pipe  to 
the  state  of  protoxyde  of  uranium;  protoxyde  of  cerii  m, 
Mliicli  is  converted  by  the  blow-pipc  into  peroxyde  of  cerium  ; 

PEROXYOE  OF  CERIUM^  8E8QUIOXYDE  OF  MANOANBSE^  which  part8 

with  a  portion  of  its  oi^gen  when  strongly  heated ;  oxydb  or 
siNC,  which  is  reduced  by  the  interior  flame,  and  thus  becomes 

volutile;  oxYDE  OF  CADMIUM,  wliich  is  likewise  reduced,  and 
then  volatilised  by  the  interior  flame;  peroxyde  of  iron^ 
which  loses  part  of  its  oxygen  in  the  interior  flame;  oxydb  op 
NICKEL,  OXYDB  Of  COBALT,  PBBOXYDB  OP  TIN,  which  may  be 
reduced  by  the  interior  flame.  The  following  small  number  of 
oxydcs,  on  the  contrar^%  are  fusible  when  pure  before  the  blow- 
pipe; they  arc — oxyde  of  antimony,  which  after  fusion  may 
be  easily  volatilised;  oxydb  op  BismrrB,  pbotoxydb  op  lb  ad, 
which  like  the  preceding  one  may  be  reduced  to  the  metallic 
state;  and  ojyde  ok  coprEii. 

*  The  degree  of  fusibility  is  a  very  important  i)oiiit  to  ascer- 
tain when  the  examination  in  question  refers  to  the  native  com- 
binations OP  SILICA  and  certain  other  minerals,  for  this 
characteristic  feature  displayed  by  the  blow-pipe  is  often  the 
oiilv  one  bv  which  wo  niav  distintruisli  those  wliich  consist  of 
earths,  and  which  contain  no  notable  quantities  of  metalhc 
oxydes,  properly  so  called.  In  order  to  ascertain  the  degree 
of  fusibility  of  minerals,  the  best  way  is  to  hold  a  fragment 
or  splinter  of  tlie  sample  between  the  platinum  points  of  a  pair 
of  forceps,  aud  to  expose  it  to  the  flame  of  the  blow-pipc. 
Amongst  the  minerals  most  frequently  met  with,  the  following 
are  infusible : — 

Quarts,  Spinell, 

Corundum,  Pleoiiuiit, 

Tourmaline, (both that  which  Gahnite, 
oontain8alumina,and  even   |  Olinne, 
that  which  contains  soda)    I  Cerite, 
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Zircon, 

Cjanite, 

Phenakite, 

Leucite, 
Talc, 

Pyrophyllite, 

Apatite, 

Oelilenite, 

Antophyllite, 
StauroAite 
Kefractory  clays. 
Hydrate  of  alumina. 
Hydrate  of  magnesia, 
SulplKitc  of  alumina, 
Carbonate  of  lime. 
Carbonate  of  magnesia. 
Carbonate  of  zinc, 
Allophanc, 


Cymopbane, 

Oadolinite  (whicb  being  boat- 
ed becomes  suddenly  lumi- 
nous, as  if  it  caught  fire). 

Vitreous  tin, 

Eutile, 

Titanic  iron, 

Tantalitc, 

Turquoise, 

Titaniferous  oxyde  of  iron, 
Chrome  iron. 
Native  oxydes  of  iron, 
Oxyde  of  uranium, 

Tantalite, 

Yttrotautalite, 

Dioptase, 

Cbondrodite, 

Topai. 


*  Amongst  tliosc  which  are  almost  infusible  and  only  become 
rounded  at  the  edges,  the  following  may  be  named : — 


Felspar, 

Albite, 

Pctulite, 

Labradorite, 

Anorthite, 

Nepbeline, 

Tabular  spar, 

Pyroxene,  (which  contains 

much  magnesia) 
Meerschaum, 

Soapstone,  {pierre  de  lard) 
Serpentine, 

Mica,  (some  species, especi- 
ally those  found  in  agmite) 
Dichroite, 


Epidote,  (which  intumesoes  by 

the  first  impression  of  the 
heat) 
Emerald, 

Eudase,  (which  intumesces  by 
the  first  impression  of  the 

heat) 
Titanite, 
Sodalite, 

Calcareous  scheelin. 

Heavy  spai*, 
Celestine, 
Gypsum, 
Apatite, 
Fluor  spar. 
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*  The  following  are  fusible : — 
Zeolites^  (most  of  them  iutu-  | 
meaoe) 

Spodnineiiej    (wMch  intu- 
mesces) 

Mejonite,  (which  froths  up 

])crore  fusing) 
Eleolite, 

Amphiboley  (most  of  which 

boil  up  whilst  in  fusion) 
Pyroi^ne,  (those  which  contain 

no  excess  of  magnesia) 
Idocnae^(mtame8ce8  infusing) 
Oamet^ 
Cerine, 

Orthite,  (boils  in  fusing) 
FerraginouB  scheelin, 
Boracitej 


1 1  vdroboracite, 
Datolite, 
Botzyolite^ 
Cryolite^ 

Mica,  (several  species,  espe- 
cially those  which  contain 
lithia) 

Tonnnaline,  (those  which  con- 
tain  potash) 

Axinite,    (intumesces  whilst 

fusing) 
Amblygonite, 
Lasulitey 
Haiiyne, 
Nosian, 
Eudialite^ 
Pyrosmalite. 


*  As  to  the  SALTS  which  sire  soluble  in  water,  most  of  them 
fuse  when  exposed  to  the  tiame  of  the  blow-pipe  upon  a  charcoal 
.  supporti  but  they  are  then  very  often  decomposed  by  the  char- 
coal, upon  which  they  leave  their  base,  when  it  is  of  an  infusible 
nature,  in  the  pure  state.  The  salts  of  alkalies  after  fusion  are 
absorbed  by  the  charcoal,  or  form  beads. 

*  Among  the  insoluble  salts  several  fuse  into  beads,  which 
crystaUise  on  cooling;  this  phenomenon  is  exhibited  by  phos- 
PHATB  OF  LBAO  morc  stTougly  than  by  any  other  salt,  and  it 
consequently  can  thereby  be  easily  recognised  (page  271). 

2.  The  changes  or  colour  which  substances  undergo  by 
THV  ACTION  OF  BEAT^is  generally  owiugto  their  being  decomposed^ 
and  thus  forming  bodies  of  a  different  colour.  There  are  some 
substances  however,  which,  without  undergoing  any  change  in 
their  composition,  assume  a  culour  difierent  from  that  which 
they  have  at  the  ordinary  temperature ;  they  afterwards  gradually 
lose  the  tinge  which  they  have  thus  acquired^  and  after  com- 


Digitized  by  Googl( 


BLOW-nFB  OPBRATIOKS. 


609 


Oxyde  of  zinc. 
Titanic  acid^ 


1 


Penngrde  of  lead^ 
Suboi^de  of  mercniy, 
Chiomate  of  lead. 


plete  cooling  ih<ej  reaasame  their  original  colour.  Certain 
sabrtances  may  therefore  be  thus  aocnratelj  recognised^  amongst 
vhidi  are  the  fallowing : — 

which  are  white  at  the  ordi- 
nary temperature,  and  of  a 
lemon-jelloir  colour  at  a  higher 

temperature,  which  phenomena 
are  likewise  o])sen^ahle  in  a 
great  number  of  other  sub- 
stances of  a  white  colour,  but 
in  none  so  distinctly  as  in 
.  these  two. 
and  a  few  other  cliromfitcs, 
wliich  at  the  ordinary  tempera- 
ture are  ydlow  or  red,  but 
which  become  black  at  a 
higher  temperature,  though 
insufficient  to  decompose 
,  them. 

*  There  are  many  substances,  the  ordinary  colour  of  which 
becomes  darker  when  they  are  heated ;  such  are — 

Protoxyde  of  lead, 
Oxyde  of  bismuth. 

*  d.  Ths  colovb  which  certain  svbstancbs  impart  to  the 
TiiAME  OF  THE  BLOW-PiFB  may  oftcn  be  the  means  of  dirtingnish- 
ing  them.  We  have  already  shown  (pages  7,11,16),  the  important 
value  of  this  reaction  for  the  purpose  of  indicating  the  presence 
of  ALKALIES  in  salts.  The  iiame  of  the  blow-pipe  exhibits 
likewise  a  change  of  colour  when  directed  upon  substances 
which  contain  stbontia  (page  38),  or  lime  (page  87),  and 
also  upon  phosphates  moistened  with  sulphuric  acid  (page  271), 
and  BORATES  treated  in  the  manner  described  (page  282).  A 
colour  is  likewise  imparted  to  the  flame  of  the  blow-pipe  when 
employed  to  heat  certain  substances  with  re<«gents. 

*  4.  The  decompositions  which  some  substances  expe- 
rience BOTH   IN  THE  EXTERIOR  AND  IN  THE  INTERIOR  FLAME 

R  R 
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cojuist  principally  iu  tliis,  that  they  become  oxydised  in  the 
exterior  flame,  whilst  the  ozydiaed  bodies  are  reduced  by  treat- 
ment in  the  interior  flame.  The  changes  produced  by  the 
exterior  flame  generally  resemble  those  which  bodies  undergo 
Mheu  heated  in  the  glass  tube  open  at  both  ends.  It  often 
happens^  however,  that  substances  are  oxydised  upon  charcoal 
in  the  exterior  flame,  in  order  to  be  enabled  to  treat  them  more 
efificadonsly  afterwards  by  the  appropriate  re-agents.  Thus,  for 
example,  metallic  sulvhurbts  and  arsbniubets  are  roasted 
upon  charcoal  in  the  exterior  flame,  in  order  to  separate  the 
sulphur  and  the  arsenic  iu  the  state  of  gtUphwrous  and  of 
arsemoua  adds,  vhich  decomposition  or  reaction  is  more  readily 
effected  with  tuJ^hureU  than  with  aruniurets.  The  reduction 
of  certain  substances  in  the  interior  flame  is  generally  effected 
in  a  better  and  more  easy  manner  by  mixing  the  substance  with 
soda,  and  then  heating  it  upon  charcoal  in  the  interior  flame. 
The  deportment  of  the  various  substances  when  so  treated  will  ' 
be  subsequently  spoken  of. 

FOURTH  OPERATION. 

*  After  having  treated  the  substance  under  examination  iu 
the  small  flask,  in  the  tube  open  at  both  aids,  and  having  | 
exposed  them  alone  to  the  action  of  heat,  they  are  next  to  be 
treated  by  the  re-agents  before  the  blow-pipe.  The  re-agents 
most  in  use  in  such  experiments  are  soda  (cai'bonate  of), 
MicaocosMic  SALT,  and  borax.  This  operation  is  generally 
performed  upon  diarcoal,  though  sometimes  tkplaiimm  wire,  or, 
in  a  very  small  number  of  cases,  a  9irfp  of  plaHnum  fbU^  is  used 
in  preference. 

1  The  strip  of  platiuum  used  may  be  ftbout  half  aa  inch  widd  and  alMnt  two  iadm 
long.  ItiaTery  ccwvenicot  for  oxydking  enhefanfca^  in  which  ciae  tlie  flaipe  of  the 
blow^pipe  dioold  be  made  to  play  voder  thaati^  of  ptatinnm.  Of  ooimt^  no  aab- 
stance  in  themetellicfbinn,  norsxich  ae  are  reducible  into  metal  before  tlie  blow.pipe, 
diould  be  trcntcd  upon  the  foil,  because  in  such  cases  the  re<Iuced  metal  would 
combine  with  the  platinuu and  perforate  it ;  the  ])l:\tit!U!ii  wiiv  mu-^t  hf*  1>fnt  into  | 

a  hook  thus  J.  or  thus  •  g,  and  ii  i- 

iimmI  by  m(»ihicning  it  and  jiluiiging  it  in  tlie  Bubstaiice,  which  will  then  adheiv  to  it, 
(ace  BerzeUus,  vol.  iv.,  page  1 S.— >Ed. 
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*  1.  Treatment  of  strBSTANCBS  by  soda.-— Several  substances, 

when  treated  with  soda  upon  charcOxVL,  fuse  into  a  bead  :  this 
is  a  distinctive  character.  Other  substances  c-au  be  thus  fused 
with  soda  only  upon  a  platinum  vibe  :  such  is  principally  the 
case  with  the  substances  which  play  the  part  of  an  acid  towards 
soda.  Many  oxydes  being  treated  with  soda  in  the  interior 
Hame  are  much  more  easily  reduced  than  when  treated  alone  in 
the  same  flame^  and  may  be  easily  recognised.  Lastly,  there 
are  several  substances  upon  which  soda  has  not  the  slightest 
action,  which  are  not  reduced  by  it  upon  charcoal,  and  wliich 
cannot  be  fused  by  it  upon  a  platinum  wire.  These  substances 
are  prindpally  the  earths  and  a  few  metallic  oxydes. 

*  A.  Very  few  substances  can  be  tusbd  into  a  beau  with 
SODA  UPON  CHARCOAL.  Thc  oulv  ouc  which  thus  yields  a 
colourless  and  limpid  bead  is  silicic  acid,  for  which  this 
circumstance  constitutes  a  distinctive  character as  we  have 
already  said  (page  291).  But  besides  pure  silicic  add,  the 
HKeates  which  contain  much  of  it  may  likewise  be  fused  into  a 
glass  upon  charcoal  (page  291),  because  the  silicate  of  soda  is 
susceptible  of  dissolving  part  of  the  bases,  which  the  soda  has 
separated  from  the  original  silicates.  The  bead  which  is  thus 
produced,  however,  is  not  alwa3rs  clear  and  transparent,  but  is 
coldured  l)v  several  uietallic  oxvdes.  The  fusion  of  the  substance 
with  soda  into  a  bead  is  an  important  and  distinctive  feature  for 
the  native  silicates.  The  following  fuse  with  soda  into  a  limpid 
bead : — 

Quartz,  Labiadorite, 
Feldspar,  !  Meionite, 

Albite,  I  Anorthite^ 

Petalite,  ,  Emerald, 

Spodumen,  '      Zeolytes,  (in  general) 

Leucite,  •      Refractory  clays, 

*  The  following  silicates  can  be  fused  with  soda,  but,  generally. 


'  The  fusion  of  silicic  acid  with  soda  is  attended  with  an  eHervescence  ol  carbouie 
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the  bead  thus  produced  is  coloured  by  the  metallic  ooyde  d 
tbe  substance : — 


Helvine^ 

*  Bendes  nHeic  add,  titanic  acid  poMesaes  also  in  an  espe- 
cial maimer  the  property  of  fusing  with  soda  upon  charcoal ;  but 
the  glass  is  opaque  or  greyish  (page  299).  The  other  substances 
either  are  not  attacked  by  soda,  and  remain  upon  the  diaroosl 
into  which  the  soda  is  absorbed,  or  else  penetrate  with  the  alkaii 
into  the  charcoal,  and  are  reduced. 

*  B.  The  substances  which  may  be  fused  with  sooi 
UFON  A  FLATXMUM  WIRE  IN  THE  BXTSRIOA  PLAMB  OF  THK  BLOV- 
PIPB  ABB 

Silicic  add.  Chromic  acid, 

Molybdic  acid,  Tellurious  acid, 

Tungstic  acid.  Titanic  acid, 

Antimonious  add.  The  oxydes  of  manganese. 

*  The  oxydes  of  manganese  are,  it  is  true,  diMolved  only  is 
small  proportion  in  the  soda,  but  the  smallest  particle  is  sufficient 
to  impart  a  green  colour  to  this  re-agent,  by  which  means  the 
presence  of  manganese  can  be  easfly  recognised  (page  66.) 
The  oolonr  is  more  distinct  npon  the  foil  than  upon  the  wire  of 
platinum.  To  the  above  number  we  must  farther  add  ox  toe 
OF  COBALT  (which  likewise  is  soluble  only  in  small  quantity), 

OZYDE  OF  LBAD,  BUd  OXYDE  OP  COPPBB 

*  C.  SUBSTANCBS  WHICH  ABB  BBDUCBD  BY  SODA  ITPON  CHAB- 

COAL  IN  THE  iNTBBiOB  PLAME. — Somc  of  thesc  oxydcs  are  thus 
rcdnrcd  into  metal,  which  may  be  partially  or  totally  volatilised 
by  continuing  to  heat  it  in  the  interior  flame,  in  which  case 
the  metal  is  re-ozydised  during  its  volatilisation,  and  prodnoa 

'  Oa::yc2«    eo6aft  IbMft  widi  aoda  into  ft  |lde>ied  nMM^ 
Oxycfe  Hff  lead  fmnis  a  tnnsparent  glaas  wUch  becomes  opaque  and  yeOowuli  m 
cooling.    Oxifdf  of  copper  y\e\da  m  fine  grem  gkas  whidi  p«rtljr  Umm  Ha  cohn  md 
becomes  opaque  in  cooling. — Ed. 


Dioptase, 

Achmite, 
Lievrite, 


Axinite, 

Grarnet,  (several  species; 
Idocrase. 
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a  coating  of  oxydc  upon  the  charcoal,  wliich  coating  extends  to 
a  greater  or  less  distance  from  the  spot  at  which  the  substance 
mixed  with  soda  ia  heated.  Other  reducible  ozydes^  the  metal 
of  whidi  is  not  yolatiliaable,  are  redaced  without  prodacing^ 
any  coating,  as  the  above ;  the  reduced  metal  may  be  subse- 
quently obtained  by  pulverising  the  portion  of  the  charcoal  on 
which  the  reduction  has  been  effected,  and  levigating  it,  after 
which  the  metal  left  behind  may  be  easily  recognised.  It  often 
happens,  as  we  have  already  had  occasion  to  remark,  that  oxydes 
arc  reduced  into  the  metallic  state  upon  charcoal,  merely  by  the 
action  of  the  interior  flame  of  the  blow-pipe;  but  in  that  case 
the  reduction  is  effected  more  easily,  and  with  more  certainty, 
by  adding  soda  to  the  ozyde.  Most  reducible  oxydes  require 
the  help  of  soda  for  their  redaction.  Almost  all  the  combina- 
tions of  the  reducible  oxydes  may  likewise  be  reduced  before 
the  blow-pipe  when  mixed  with  soda, — an  effect  which  is  rarely 
obtained  by  the  action  of  the  blow-pipe  alone,  even  though  the 
ox3rde  contained  in  the  combination  is  very  easily  reducible  by 
it  in  the  uncombined  state.  The  combinations  of  the  reducible 
metals  with  sulphur,  selenium,  chlorine,  bromine,  and  iodine, 
are  hkewise  reduced  to  the  metallic  state  when  treated  with  soda 
upon  charcoal, — an  effect  which  is  not  produced  without  soda, 
and  by  the  flame  of  the  blow-pipe  alone ;  yet  it  is  advisable  in  a 
great  many  cases  to  roast  the  metallic  sulphurets  and  sclc- 
niurets  upon  charcoal  in  the  exterior  flame  before  reducing  them 
with  soda.  The  metallic  arseniurets  especially  require  to  be 
carefully  roasted,  and  thus  deprived  of  their  arsenic  and  oxydised 
before  their  metal  can  be  reduced  by  soda.  The  use  of  soda  is 
absolutely  necessary  when  easily  reducible  oxydes  ha\c  to  be 
reduced  firom  their  combinations  with  inorganic  acids.  For 
example,  in  most  cases  it  is  not  possible  to  reduce,  without  tiie 
use  of  soda,  the  metals  from  the  sulphates,  phosphates,  arseni- 
ates,  and  other  metallic  salts,  because  the  interior  flame  alone, 
instead  of  the  pure  metals,  yields  sulphurets,  phosphurets, 
and  arseniurets  of  these  metals.  Wherefore,  the  use  of  soda 
cannot  be  too  strongly  recommended  to  beginnera,  when  the 
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object  is  to  reduce  metallic  oxydea  combined  with  other 
substances. 

*  OXYDBS  ANO  COMBINATIONS  OP  OXTBBS  WHICH  CAN  BB 
RBDUCBD  BT  SODA  UPON  CHABCOAL  IN  THB  INTBBIOR  PUkMB  OP 

THE  ni.OW-PIPE,  BUT  THE  METALS  OF  WHICH  ABB  VOLATILE,  ANB 
ON  THAT  ACCOUNT  DEPOSIT  A  COATING  UPON  THE  CHARCOAL.  To 

this  class  the  foltowing  oxydes  belong : — ^17he  oxtbbs  of  ahti- 
iioNT !  the  reduced  metal  is  brittle,  it  smokes  much  whea  it  has 

been  heated  fur  a  long  time,  and  yields  a  white  coating ;  tellu- 
Bious  ACID,  which  yields  a  white  coating,  and  imparts  a  blue 
colour  to  the  flame  of  the  blow-pipe ;  oxtdb  op  binc,  which  yields 
no  metallic  zinc,  but  only  a  coating  which  is  of  a  yellowish 
colour  so  long  as  it  is  hot,  but  which  is  white  after  cooling  : 
this  coating  is  not  altered  by  the  exterior  flame,  but  the  interior 
flame  causes  it  to  disappear;  oxtdb  op  cadmium  yielda  no 
metal,  but  a  reddish-hrown  coating,  the  real  colour  of  which  can 
be  well  ascertained  only  after  cooling;  oxtdb  or  bismvth, 
which  may  be  easily  reduced  into  metallic  grains,  which  are 
brittle,  and  may  be  easily  broken  into  pieces  under  the  hiamT«<np ; 
if  the  blowing  be  continued,  a  dark-yellow  coating  ia  formed 
upon  the  charcoal ;  oxtdb  op  lead  is  likewise  easily  reduced 
into  metallic  »rrains,  and  by  continuinf;  to  blow,  the  charcoal 
receives  a  yellow  coating  which  reseml)los  that  of  bismuth,  but 
the  reduced  lead  may  be  distinguished  from  bismuth,  because 
the  grains,  instead  of  being  brittle,  may  be  flattened  under  the 
hammer. 

*  OXYDES  and  combinations  OP  OXYDES,  WHICH  CAN  BE 
BBDUCBD  BT  SODA  UPON  CHARCOAL  IN  THB  INTERIOR  VLAME 
OP   THB    BLOW-PIPB,    BUT   THB   METALS   OP  WHICH    ARB  NOT 

VOLATILE,  AND  CONSEQUENTLY  DEPOSIT  NO  COATING  UPON  TJH£ 
CHARCOAL. 

*  MOLYBDIC  ACID,  TUNG8TIC  ACID,  THB  OXTDBS  OF  IRON, 
OXTDB  OP  COBALT,  OXTDB  OP  NICKEL,  PBROXTDB  OP  TIN,  OXTDl 

OP  COPPER,  OXYDE  OF  SILTER,  and  thc  oxydes  of  the  inetab 
called  noble,  which,  however,  are  already  reducible  by  the 
action  of  heat  alone. 
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*  ^Vlieu  several  reducible  oxydes  are  contained  in  the  snb- 
stance  to  be  analysed,  alloys  axe  often  produced  ;  sometimes  also 
the  reduced  metals  are  obtained  separately  from  each  other. 
This  is  particidarly  the  case  when  protoiyde  of  copper  and 
peroxyde  of  iron  are  contained  in  one  substance. 

*  The  treatment  by  soda  upon  charcoal  may  also  unequivo- 
cally detect  the  smallest  traces  of  arsenic  in  the  arsenites  and 
ASSSNiATBS^  which  are  thereby  reduced  into  the  metallic  state, the 
amallest  quantities  of  which  may  be  recognised  by  the  odour 
exhaled  (pages  336,  343) .  It  is  possible  also  by  the  same  process 
to  detect  sulpiilu  iu  the  metallic  sulphurets,  and  in  sul- 
phates; SELENIUM  in  the  metallic  seleniurets,  in  the  sele- 
NIATB8  and  8BLBNITE8,  uot,  however,  with  the  help  of  soda 
alone,  but  by  means  of  a  glass  of  soda  with  silicic  add  [glass 
of  soda  and  silica]  (pages  474,  204,  47H,  221). 

*  D.  Substances  WHICH  are  not  attacked  by  soda  either 
UPON  a  platinum  wire  oa  UPON  CHARCOAL. — Thc  substances 
belonging  to  this  order  are  principally  the  following: — ^The 

OXTDBS  OF  URANIUM  and  of  CEEIUM^  TANTALIC   ACID,  2IR- 

coNiA,  thorina,  yttria,  glucina,  alumina,  magnesia,  lime, 
STRONTiA,  HARYTA,  and  thc  ALKALIES.  Thc  alkaUes  are 
absorbed  by  the  charcoal  support  on  which  they  are  heated. 
One  may,  with  the  help  of  soda^  distinguish  the  saUi  qf 
alkaHei  from  those  of  the  eartht,  by  fusing  them  upon  char- 
coal with  tliis  re-agent ;  the  earthy  salts  remain  in  the  charcoal, 
whilst  those  ot  the  alkalies  are  absorbed  by  it. 

n.  TREATU ENT  OF  SUBSTANCES  BY  MICROCOSMIC  SALT. 

*  ]MicR(H os.Mic  salt  is  converted,  by  fusion  before  the  blow- 
pipe, into  biphosphate  of  soda;  the  excess  of  acid  of  wliich 
dissolves  almost  all  substances.  Silicic  acid  is  almost  the  only 
body  which  is  insoluble  therein  by  fusion,  or  at  least  it  diuolves 
in  it  only  in  very  minute  proportion, — ^a  property  which,  as  we 
have  said  (pa^^e  2-^1),  may  easily  distinguish  it  in  all  its  combi- 
nations.    p£KQXYD£  OF  TIN  IS  likcwise  almost  insoluble  iu 
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microcosmic  m\t,  and  it  is  partly  on  this  aoooont  that  metaDic 
tin  is  sonictinies  used  to  effect  reductions. 

*  It  is  ordinarily  upon  charcoal  that  substances  are  treated 
with  nucroooBmic  aak^  more  rarely  upon  a  platinum  wire,  and 
they  are  subjected  to  the  action  both  of  the  interior  and  of  the 
exterior  flame.  In  many  cases  the  two  flames  produce  different 
phenomena,  especially  when  the  metallic  oxydes  are  such  as  to 
be  c'd^'dy  convertible  into  lower  or  higher  degrees  of  oxydise- 
ment.  The  effect  of  the  exterior  flame  is  to  oxydise  substaneesy 
and  to  make  them  pass  from  a  lower  to  a  higher  degree  of 
oxydisation ;  the  interior  flame,  on  the  contrary,  couTerta  the 
higher  degrees  of  oxydisation  into  lower  ones,  or  reduces 
them  to  the  metallic  state.  When  substances  are  treated  with 
microcoamic  salt  in  the  interior  flam^  and  the  operator  eeaaea 
blowing,  the  ^bule  should  be  very  rapidly  cooled  |  the  best 
way  of  effecting  this  is  to  blow  a  current  of  cold  air  with 
the  hlow-pipe.  When  the  cooling  takes  place  gradually,  it 
often  happens  that  the  substance  re-oxydises  a  little.  The 
reactions  of  the  reducing  flame  by  a  prolonged  blowing,  may 
often  be  more  easily  produced  by  adding  to  the  fiued  bead, 
whilst  as  yet  hot,  a  very  small  piece  of  metallic  tin,  and  re-heating 
the  bead  for  a  few  moments.  The  oxydes  which  are  difficultly 
reducible,  and  which  cannot  be  converted  into  another  degree 
of  oxydisation^  generally  prodoce  the  same  phenomena  in  both 
flames. 

*  Most  oxydes  yield,  with  microcosmic  salt,  colourless  beads 
when  they  dissolTC  in  this  re-agent,  but  when  a  large  quantity 
of  microcosmic  salt  is  employed,  it  yety  often  happens  that  the 
bead  is  of  an  enamel-white  colour  after  cooling.  Many  metallic 
oxydes,  however,  produce  a  coloured  bead  after  ftirion  with 
microcosmic  salt,  wliich,  cspeci.ally  for  such  oxydes,  is  uu  excellent 
re-agent.  The  colour  of  the  bead  is  very  often  different  in  the 
exterior  and  in  the  interior  flame.  When  a  large  quantity  of 
such  a  substance  has  been  dissolved  in  microoosmic  salt,  the 
colour  of  the  bead  is  sometimes  so  deep  that  it  cannot  be  well 
distinguished ;  when  this  is  the  case  the  bead  must  be  flattened 
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by  pressing  it  whilst  hot,  and  before  it  has  set  hard,  with  one  of 
the  branches  of  the  forceps  \ 

It  is  extremely  difficult  to  give  an  aoenrate  denomination 
to  the  colours  of  the  beads  tinged  by  a  metallic  oxyde.  These 
colours  often  vary  with  the  quantity  of  the  substance  held  in 
aolutioiij  and  very  frequently  also  with  the  temperatoze  of  the 
bead,  that  is,  whilst  hot^  and  after  complete  cooling,  added  to 
which,  certain  colours  have  a  diflbvent  hue  in  day  lights  and  in 
artificial  light ;  such  is  the  case,  for  example,  with  that  which 
oxyde  of  cobalt  imparts  to  the  fluxes. 

A.  COLOURS  IMPARTED  TO  A  BEAD  OF  AlICROCOSMIC  SALT  BY 
METALLIC  OXVDES  IN  THE  EXTERIOR  FLAME. 

*  A  COLOURLESS  OLASS  is  produced  by  baryta,  strontia,  li  he, 
HAONBBiA,  olucina,  tttbia,  thobina,  iibconia,  all  of  which, 
however,  when  used  in  too  large  quantity  give  a  milky  tinge  to 
the  glass  after  cooling;  by  alumina  and  molybdic  acid,  the 
bead  produced  by  these  two  substances  has  a  slight  tinge  of 
green,  and  is  colourless  only  when  it  has  been  melted  upon 
a  platinum  wire,  and  after  cooling;  by  tvngstic  acid,  and 
ANTiMONious  ACID,  wliich,  howcvcr,  produce  a  glass  slightly 
incliniug  to  yellow ;  by  tellu&ious,  tantalic,  and  titanic 
acids,  oxtdb  op  «nc,  oztdb  or  cadmium,  and  nmoxTDB 
OF  LEAD :  these  three  oxydes,  when  pot  in  too  large  quantify, 
yield  after  cooling  beads  of  a  milky-white  colour;  lastly,  by  pbr- 
oxYO£  OF  TIN,  which,  however,  is  only  very  sparingly  soluble 
in  tlus  flux. 

*  Gbbbn  0LASSB8  are  produced  by  oxtdb  ov  chromium, 

OXTDB  OF  URANIUM,  and  PROTOXTDB  OF  COPPER. 

*  Yellow  glasses,  by  oxyde  of  silver,  oxyde  of  bismuth 
(the  glass  produced  by  the  latter  is  almost  colourless  after 
cooling),  and  by  yanadous  acid. 

*  Ebd  olassbi^  by  oxtdb  of  cerium,  fbroxtdb  of  iron, 

*  T1i0  Mme  obyed  nmj  be  •ttainad  by  dnwiag  ii<mt  wbilit  aofl  into  a  tfnmd,  io 
iiUdi  the  eoloar  m»/  be  diatiiielljr  pcfMlved.— Ed. 
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oxTDS  ov  NiCKBL ;  hvt  tho  intenatj  of  the  colour  diminiiiliei 

very  much  after  cooling, 

*  Blue  glasses^  by  oxyde  of  cobalt. 

*  VioiiVT  QhAUMn,  hy  oxtos  of  manoanbsi. 

B.  COLOURS  IMPARTED  TO  A  BEAD  OF  MlGROCXtSMIC  SALT  BY 
METALLIC  OXYDES  IN  THE  INTERIOR  FLAME. 

*  Colourless  GLASSES  are  produced  by  baryta,  strontia, 

LIME^  magnesia,  OLUCINAjYTTRIA^THOaiNA^ZIRCONlAjALUMINAj 
TANTALIC  ACID,  OXYDE  OF  ZINC,  OXTDX  01  CADMIVHj  PEBOXTDB 

OF  TIN  (all  of  which  yield  the  same  glass  in  the  exterior  flame), 

OXTDE  OF  CERIUM,  OXTDB  OP  MANOANB8B. 

*  Green  glasses,  by  molvbdic  acid,  oxyde  of  c  hro.mil  m, 
VANADOUS  ACID,  OXYDE  OF  U&ANIUM,  aud  FEROXYDE  OF  lEON. 

*  Ebd  glasses,  by  febbifsbkoits  tvnostic  acid,  fbbri- 

FBBXOUS  ANTIMONIO08  ACID,  FBBBIFBBE0U8  TITANIC  ACID,  and 

OXTDE  OF  NICKEL :  the  latter  fiiniiahes  a  glass,  the  colour  of 

which  becomes  fainter  on  cooling. 

*  BbOWN   or  BEDDISU-BROWN   GLASSES,  by  PBOTOXYDB  OF 
GOFFBB. 

*  Blub  glasses,  by  tungstic  acid  and  oxtdb  of  cobalt. 

*  Violet  glasses,  by  titanic  acid, 

*  Grey  glasses,  by  tellurious  acid,  oxyde  op  bismuth, 
OXYDE  OF  LEAD,  and  OXYDE  OF  SILVER,  which  colour  is  produced 
by  the  reduction  of  the  metaL 

III.  TREATMENT  OF  SUBSTANCES  BY  BORAX. 

*  Almost  all  substances  are  dissolved  by  fusion  with  bobax  ; 
some  substances,  however,  are  more  soluble  than  others  in  this 
re-agent.  Substances  are  best  treated  by  donaurupon  a  platinmn 

wire,  especially  in  order  to  judge  well  of  the  colour  of  the  bead, 
because  upon  charcoal  it  is  impossible  to  obtain  a  well-formed 
bead  in  so  short  a  time  as  with  microcosmic  salt,  because  borax 
spreads  at  first  upon  charcoal,  and  requires  a  prolonged  fusion 
to  produce  a  bead  with  the  substance  under  examination.  The 
metallic  oxydes  generally  dissolve  well  in  borax,  and  with  the 
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same  colour  as  in  microcosmic  salt ;  there  are,  however,  some 
ezceptioiui^  but  which  on  that  aooount  are  characteristic.  When 
substances  are  treated  hj  borax,  the  exterior  and  the  interior 
flame  produce  the  same  differences  as  with  microcosmic  salt. 
The  solution  of  some  substances  in  borax  yields  glasses  which 
iure  limpid,  both  before  and  after  cooling,  even  when  they 
contain  a  large  quantity  of  these  substances;  but  by  directing 
the  exterior  flame  upon  them  in  an  unequal  and  intermittent 
manner,  they  become  opaque  and  similar  to  enamels.  This  is 
a  cliaractcristic  phenomenon  for  some  substances,  and  it  takes 
place  much  more  rarely  when  these  same  substances  are  treated 
by  microcosmic  salt.  Most  of  the  oxydes  yield  a  oolourless 
glass  with  borax,  just  as  with  microoosmic  salt. 

A.  COLOURS  IMPARTED  TO  A  BBAD  OF  BORAX  BY  METALUC 
OXYDES  IN  THE  EXTERIOR  FLAME  OF  THE  BLOW-PIPE. 

*  Colourless  glasses  are  produced  by  baryta,  stkontia, 

LIMB,  MAGNESIA,  OLUCINA,  YTT&IA,  ZiaCONIA,  TANTALIC  ACID, 
TITANIC  ACID,  OXTDB  OF  ZINC,  OXTDE  OF  CADMIUM,  OXTDB  OF 

SILVER  (the  solutions  of  which  in  borax,  when  they  contain 

much  oxyde,  become  turbid,  ^'  au  Jhn/iher"  '),  alumina,  thouina, 

SILICIC  ACID,  T£LLUaiOUS  ACID,  OXYD£  OF  BISMUTH,  ANTI- 
MONIOUS  ACID,  TUNGSTIC  ACID,  MOLTBDIC  ACID,  Uid  FBBOZTDB 

OF  TIN,  whidi  is  only  slightly  sduhle  in  horax. 

*  ObBBN  GLASSES,  by  OXTDB  OF  CHROMIVM  and  FBOTOXTDB 

OF  COPPER. 

*  Yellow  glasses,  by  vanadous  acid,  oxyde  of  uranium, 
and  OXTDB  of  lead,  which  becomes  aUnost  colourless  on 
cooling. 

'I'Rbd  glasses,  by  oztdb  of  cerium  (the  glass  of  which 

may  be  rendered  turbid,  au  jJamher** peroxyde  of  iron,  and 
OXYDE  OF  NICKEL,  the  colouT  of  all  ot'  whicli  becomes  lighter,  or 
even  vanishes  on  cooUng. 

*  Blvb  glass,  by  oxtdb  of  cobalt. 

*  ViOLBT  GLASS,  by  OXTDB  OF  MANGANBSB. 

'  Flrimbrr  "  monn<;  (1ir(H>tin^  the  exterior  flamo  of  the  blow*pipe  UfKMI  the  8Ub- 
stuice  in  aa  irreguUr  or  intermittent  manner. — £o. 
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B.  COLOURS  IMPARTED  TO  A  BEAD  OF  BORAX  BY  METALUC 
OXYDBS  IN  THE  INTERIOR  FLAME  OF  THE  BLOW-PIPK 

*  Colourless  glasses  are  produced  by  baryta,  strontia, 

LIME,  MAGNESIA,  GLUCINA,  YTTRl  A,  ZIRCONIA,  TANTALIC  ACID, 
OXYD£  OF  ZINC,  OXYOB  OF  CADMIUM,  ALUMINA,  TUORINA,  SILICIC 

AOiD|  PBBOZTDB  OF  TIN  (all  of  which  yield  a  like  glass  in  the 
exterior  flame),  oxtdb  of  cbrivic,  and  oxTin  of  kanoanbsb. 

*  Green  glasses,  by  oxydb  of  chromium,  vanadocw  acid, 

OXVDE  OP  URANIUM,  and  OXYDE  OP  IRON. 

*  YXLLOW  OLAS8E8,  by  TUN08TIC  ACID* 

*  Bbown  or  ebddish-bbown  oXiAbs,  by  moltbdic  acid,  and 

PEOTOXTDB  OF  COFFEE. 

*  Blue  glasses,  by  oxyde  of  cobalt. 

*  Violet  glasses,  by  titanic  acid  (the  bead  may  be 
rendered  turbid,  "  auflamder"  ') 

*  Obey  olassbb,  hy  antimonioub  acid,  tellveious  acid, 

OXTDB  OF  MICKBL,  OXTDE  OF  BISMUTH,  Bad  OZTDE  OF  BILTBK : 

this  colour  is  owing  to  a  reduction  of  metal. 

*  From  what  has  been  said,  it  may  be  seen  that  the  oxydes 
which  form  coloured  beads  with  microcosmic  salt,  and  with 
borax,  cannot  be  confounded  with  each  other,  for  there  are 
no  two  oxydes  which  give  the  same  colours  with  these  two 
re-agents,  and  with  the  exterior  and  interior  flame  of  the  blow- 
pipe. \Micn  there  arc  two,  or  even  several  of  these  oxydes  iu  the 
substauce  under  examination,  their  presence  may  be  generally 
recogmsed  by  submitting  it,  with  these  two  re-agents,  micro- 
cosmic  salt  and  borax,  to  the  four  operatioiiB  of  which  we  have 
been  speaking. 


There  are  only  a  small  number  of  cases  in  which  other 
re-agents  are  employed,  besides  those  which  have  been  men* 
tioned,  but  they  are  resorted  to  only  for  the  detection  of  certain 

*  Sm  preoediog  nota.— Ed* 
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substances.  For  example^  bobacig  acid  and  ieov  wibv,  for  the 
detection  <g{pktupkorie  aeid  (page  270) ;  solntion  of  niteatb  of 
COBALT,  to  detect  magnesia  (page42),  alumina  (page  47),  and  like- 
wise oxyde  of  zinc  (page  73) ;  oxyde  of  nickel,  to  detect  potash 
(page  5) ;  protoxyde  op  copfee,  to  detect  the  combisuUions  qf 
chhrine,  iodine  and  irmnkie  (pages  424,  485^  480);  hMy, 
PVLyBBiBBD  VLtroBSPAB,  which  is  very  conyenient  to  distinguish 
sulphate  of  baryta,  sulphate  of  drontia,  and  sulp/uite  of  lime,  from 
other  substances  (pages  28,  33,  37  '). 

•  Since  the  publishing  of  Bcrzelim's  Treatise,  another  work  by  C.  J.  Plattiicr  has 
appeared,  ably  translated  into  Kugliah  hy  Dr.  MuBpratt,  in  whicli,  especially  tliuse 
angiged  in  niidiig  openliaiii^  wifl  find  IndieatioiiB  for  the  d«leniiiiiMion  of  tfia 
BMliJUooQiiitttnMiftiof  miiMnli^BOiMdy  qwKtetiTvfy  bat  qaiiilitiii?«ljr  alM^  ftt 
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CHAPTER  V. 

SYSTEMATIC  COURSE  OF  QUALITATIVE  ANALYSES  OP 
COMl'OUNDS  WHICU  ARE  SOLUBLE  IN  WATER,  AND 
WHICH  CONSIST  ONLY  OF  A  BASE  COMBINED  WITH 
AN  ACID,  OR  OF  A  METAL  COMBINED  WITH  A  NON. 
METALLIC  BODY,  THE  CONSTITUENT  PARTS  BEING 
AMONG  THE  FOLLOWING  SUBSTANCES  :— 


BASES. 


1.  Potash, 

2.  Sodsy 

8.  Ammonia, 

4.  Bjiryta, 

5.  Strontiay 

6.  Lime, 

7.  Ma^esia, 

^.  Alumina, 

9.  Protoxydcotmauganese, 

10.  Oxyde  of  sine, 

11.  Oxjde  of  cobalt, 

12.  Oxvdc  ot"  nickel, 

13.  Proto&yde  of  irou. 


14.  Peroxyde  of  iron, 

15.  Oxyde  of  cadmium, 

16.  Oxyde  of  lead, 

17.  Oxyde  of  bismuth, 

18.  Protoxyde  of  copper, 

19.  Oxyde  of  wlvet, 

20.  Suboxyde  of  mercurv, 

21.  Protoxyde  of  mercury, 

(peroxyde  of  mercoiy) 

22.  Oxyde  of  gold, 
2S.  Protoxyde  of  tin, 
21.  Peroxvdc  of  tin, 
25.  Oxyde  of  antimony. 


ACIDS  AND  NON-M£TALLlC  BODIES. 


1.  Sulphuric  add, 

2.  Nitric  acid, 

3.  Phosphoric  acid, 

or 

7.  Chlorine, 

8.  Sulphur, 


4.  Arsenic  acid, 

5.  Boracic  acid, 

6.  Carbonic  acid, 

which  in  the  aubotance  under 
examination  are  combined  with 

tlie  metals  of  the  bases  enume- 
rated above. 
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*  The  first  operatum  in  the  qualitatiTe  analjau  of  a  substance 
in  the  humid  way  is  to  examine  whether  it  is  ccnnpletely  or 

partially  solnble  or  insoluble  in  water.  It  will  be  seen  from 
the  indications  which  I  shall  give  for  the  analysis  of  the  sub- 
stances which  are  not  soluble  in  water^  that  that  of  the  bodies 
which  are  solnble  in  this  menstruum  is  much  more  simple  and 
easy. 

*  Whether  the  substance  under  examination  is  sohi])le  or  in- 
soluble^ may  be  easily  ascertained^  it'  the  substance  is  su£&ciently 
abundant^  by  taking  a  small  quantity  of  itj  about  1  gramme  (about 
15  or  20  grains)^  and  agitating  or  stirring  it  in  a  test-tube  or 
j<la.ss  with  distilled  water If  the  substance  is  not  thus  com- 
pletely dissolved^  heat  is  applied  to  the  whole  by  means  of  a 
small  spirit-lamp*  If  the  substance  cannot  be  completely  dis* 
solved^  a  small  portion  of  the  water  with  which  it  has  been 
stirred  must  be  filtered,  and  a  few  drops  being  placed  upon  a 
strip  of  platinum  foil  are  to  he  carefully  evaporated  thereon 
with  the  ilame  of  the  spirit-lamp.  If  an  abundant  residuum  be 
left  on  the  platinum,  it  is  a  proof  that  the  substance  is  partially 
soluble  in  water ;  if  no  residue  is  left  on  the  platinum  foil  it  is  a 
proof  that  the  substance  is  totally  insoluble  in  water. 

*  Sometimes  a  slight  residue  is  left  on  the  platinum  foil. 
This  is  a  proof  that  the  substance  contained  a  constituent  prin- 
ciple difficultly  soluble,  though  not  completely  insoluble,  ^ 
water,  as  for  example,  suLruATE  of  lime;  or  else  this  substance 
is  insoluble  in  water,  but  the  water  employed  was  not  pure. 

*  This  last  circumstance, — mean  the  want  of  perfect  purity 
of  the  re-agents  employed, — is  firequently  a  cause  of  error  for 
those  who  have  not  yet  acquired  the  liabit  of  qualitative  analysis, 
for  it  is  only  experience  that  teaches  how  to  distinguish  in  a 
substance  the  principles  which  are  essential  from  those  which 
are  only  in  the  state  of  accidental  mixture. 

*  He  who  wishes  to  engage  in  chemical  analysis  with  a  view 
to  his  personal  instruction,  should  first  choose  substances,  the 

>  About  10  or  12  times  its  bulk  of  ilistUled  water  will  answer  the  purpo»e. — Kp. 
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composition  of  which  he  knows  to  be  simple,  and  undertake  | 
those  of  a  complex  nature  only  at^tcrwards.    I  have  by  hm 
dperienoe  become  conrmoed  that  it  is  the  best  method.  Be- 
ginnen  will  find  no  difficulty  in  procnring  substances  coniiiliiif 

of  only  few  elements^  yet  the  eomposition  of  whicli  is  uuknowu 
to  them. 

*  I  purpose  in  the  present  chapter,  and  the  two  loUowisi^  to 
indicate  a  systematic  coarse  for  the  detection  of  the  oonttitasBt 

principlea  of  compounds  which  consist  of  only  one  base  and  one 
acid,  or  of  a  metal  with  a  non-metallic  body,  taking  care  to  aroid 
inchiding  those  which  are  rare.  And  as  we  have  said  that  it  if 
more  easy  to  detect  the  component  parts  of  the  snbsftanea 
which  are  soluble  in  water,  we  shall  suppose  in  tiiese  tiiiee 
chapters  that  the  substance  which  it  is  intended  to  analyse  u 
susceptible  of  diwolving  in  water. 

*  In  looking  over  the  list  of  the  bases  and  adda  atthe  b^gis- 
ning  of  this  chapter,  it  will  be  readily  perceived  by  those  viio 
have  sonic  knowledge  of  chemistry,  that  all  these  bases  cannot  be 
fomid  combined  with  all  these  acids  in  soluble  compounds,  nor 
all  the  metals  of  these  oxydes  with  all  the  non-metallic  bodifli. 

*  The  following  bases  form,  with  suLrn  vaic  acid,  compoonds 
which  ai'e  insoluble,  or  at  any  rate  vcrj'  sparingly  soluble,  anfi 
which  consequently  cannot  be  found  amongst  the  substances 
nnder  present  consideration: — barjfta,  tirotUia,  Ume^iueitderf imi, 
takdevenmiboxydeofmercurff.  The  combinations  of  siriSpAisvsci' 
with  uxyde  of  bismuth^  peroxyde  of  mercury,  and  oxyde  of  emfr 
many,  are  decomposed  by  water^  which  precipitates  them  in  tlie  | 
state  of  a  basic  salt,  whilst  an  add  salt  remains  in  solution* 
The  combination  of  miphmie  odd  with  oteyde  of  gold  is  unkii0«ii< 
The  other  bases  form,  with  sulphuric  acid,  compounds  \vliich  art 
soluble  at  least  in  the  neutral  state,  for  some  of  those  which  art 
basic  may  be  inscdnble  j  several  of  them^  for  example,  mUpMt 
qf  iiiver,  without  being  Tcry  soluble,  are  nevertheless  suflfidentlf 
so  not  to  be  claased  amongst  the  salts  difficultly  soluble. 

*  Almost  all  the  bases  mentioned  in  the  list  yieUl,  ^^^^'^ 
NITRIC  ACID,  compounds  which  are  soluble,  at  least  in  \k 
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neutral  state^  for  a  few  batic  nUrates  are  insoluble,  or  sparingly 
soluble.  The  peroxyde  of  Hn  and  oxyde  qf  onHmony  are  not 
soluble  in  this  acid.  Water  decomposes  its  combinations  with 
oxyde  of  bimnuih,  peroxyde  and  auboxyde  of  mercury,  Ita 
combinations  with  oxyde  of  gold  are  unknown. 

^  Phosphoric  and  absenic  acids  hardly  form  soluble  com- 
pounds with  any  other  substances  but  the  alkalies.  Those 
with  the  earths  and  the  metuUic  oxydes  are  insoluble,  at  least  in 
the  neutral  and  in  the  basic  state,  and  cannot  be  dissolved 
except  in  the  firee  acids. 

*  The  combinations  of  boractc  acid  with  the  alkaUes  are 
soluble,  but  those  with  the  eart/iS,  or  the  metallic  oxydes,  ai'e 
mostly  very  sparingly  soluble,  though,  properly  speaking,  not 
quite  insoluble. 

^  Carbonic  acid  likewise  forms  soluble  compounds  with  the 

alkalies  only;  those  with  the  eari/is  and  metallic  oxydes  are 
insoluble. 

*  Chlorinb  forms  insoluble  compounds  with  the  greatest 
part  of  the  metsis  in  the  list.  Ckhride  ofnher  and  subehloride 

of  merainj  are  insoluble ;  chloride  of  lead  is  sparingly  soluble. 
The  oxydes  of  these  three  metals  cannot  therefore  be  found 
dissolved  in  water  in  presence  of  muriatic  acid.  CMwide  qf 
bkmntih,  protoehhride  of  tin,  and  ehUnnde  of  antimony,  are  decom- 
posed by  water,  and  iu  order  to  rc-disiolve  the  ^jrecipitate, 
muhatic  add  must  be  added. 

Sulphur  forms  compounds  which  are  soluble  in  water  only 
with  the  metals  of  the  MaUes  and  of  the  MaUne  earths ;  several 
of  the  latter  are  sparinjrly  soluble.  The  metallic  sulphurets, 
properly  so  called,  are  iQsK>luble. 

1.  COUBSE  OF  THE  ANALYSIS  TO  DETECT  TttE  BASE. 
A.  A  portion  of  the  aqueous  solution  of  the  substance  under 
examination  is  to  be  concentrated  and  then  rendered  sbghtly 
add.  This  is  best  effected  by  adding  a  few  drops  of  muriatic 
add ;  yeiy  dilute  nitric  add  is  to  be  used  only  if  oxyde  qf  eUver, 
mtboxyde  qf  mercury,  or  a  great  quantity  of protoxyde  of  lead  be 

s  s 
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present,  which  may  be  known  when  the  addition  of  a  few  drop- 
of  muriatic  acid  to  a  portion  of  the  liquor  produces  a  white 
precipitate'.  To  this  acidulated  solution,  enough  ral^lnirettod 
hydrogen  vater  strongly  saturated  is  added  to  make  it  nneO 
distinctly  of  sulphuretted  hydrogen';  if  no  precipitate  is  tlicrebr 
produced,  the  base  is  one  of  those  from  No.  1  to  13.  If,  ou 
the  contrary,  a  precipitate  is  formed,  the  base  is  ome  of  those 
from  No.  IS  to  25,  and  is  therefore  either  pbboxtdb  ow  ibov, 

OXYDB  OT  CADMIUM,  PROTOXTBB  OF  LVAD,  OXTDB  OF  BISMUTH. 
PROTOXIDE  OF  COPPER,  OXYDE  OF  SILVER,  SUBOXYDE  OF  M£E- 
CVBT,  PBOTOXTDB  OF  MBBCUBT,  OXYDB  OF  GOLD,  P&OVOXTDB  OP 
TIN,  PBBOXTDB  OF  TIN,  OP  OXTDB  OF  ANTIMONT'*. 

If  the  precipitate  produced  [in  the  acidified  liquid]  by  sul- 
phuretted hydrogen  water  is  black  \  then  the  base  is  from 
No.  16  to  22,  and  is.  consequently  either  pbotoxydb  of  uaji, 

OXTDB  of  bismuth,  PBOTOXTDB  OF  COPPBB,  OXTDB  OF  8II.TB1, 
SUBOXTDB  OF  MBBCVBT,  PBOTOXTDB  OF  MBBCUBT,  OP  OXTDB  OP 

GOLD.  These  oxydes  may  be  distinguished  from  each  other  m 
the  following  manner  i— 

To  a  smaU  portion  of  the  dissolved  componnd,  anunonia  is  to 
be  added ;  if  it  then  assumes  a  deep  blue  colonr,  and  if  an  exeen 

of  ammonia  produces  no  precipitate,  the  base  is  pbotoxyde  of 

COPPER. 

A  portion  of  the  very  concentrated  solution  of  the  oompoond 

*  Tlie  wliito  precipitate  produce<i  by  tlic  adflition  of  murintio  nci<i  i^^  of  coarse  a 
cJiloridc  of  the  metal  of  one  of  the  three  ox\  s  alluded  to,  and  thev  mav  at  oac« 
bo  sumnmrilv  identified  in  the  lollowing  manner,  niunely  : — If  an  addition  of 
excess  of  ammonia  ro-dissolves  the  prcctpitAte,  it  is  sdv<r ;  if  the  precipitate,  hi&U;*i 
of  being  thus  dinolTed  by  ammoniay  mcMly  turns  black,  it  is  niAoxydc  <if  wusmanf . 
but  if  the  precipitsto  twuiSbom  undiaqged  by  the  sdditiaii  «f  aiiiiiioiiis»  the  pncifu 
tste  is  20a(2,aiid  liMD  ih«  additim  of  ftlMg^  ^puntity  of  boU^ 

it  In  order,  however,  to  remove  all  doubts  is  to  tiie  real  existenee  of  die  above 
nMlals,  they  should  further  be  tested  as  meotioned  in  the  fifst  part  of  this  vroi^ 
and  M  will  presently  appear. — Ed. 

2  Instead  of  snlplmrettcd  hydrogen  water,  a  current  of  sulphuretted  hydrogBB 
gas  may  be  pass*  d  for  a  while  throuj^li  the  aeiditieil  liquid. — En. 

*  These  oxydes,  a.s  precipitaU  d  by  sulphuretted  hydrogen,  are  of  course  in  the 
State  of  sulphurcts  of  the  metals. — Ed. 

*  The  precipitate,  instead  of  being  hlaclCf  is  sometimes  hreiwaiAUadc,  espedally  if 
only  a  tiaee  of  these  substaaoes  exists  in  the  solution.— En. 
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acidified  with  muriatic  acid  is  to  be  diluted  with  water.  If  a 
milkiness  and  a  white  precipitate  he  thus  produced  which  remains 
insoluhle  in  a  large  quantity  of  water,  the  base  is  oxydb  of 

BISMUTH 

To  a  portion  of  the  solution,  add  one  or  a  few  drops  of  muriatic 
acid.  If  a  white  precipitate  be  thus  fotrmed  which  does  not 
disappear  by  the  addition  of  a  large  quantity  of  water^  the  base 
is  either  oxyde  op  silver  or  sfboxtde  of  mercury,  which 
may  be  distinguished  from  each  otlier  as  follows  : — 

To  a  portion  of  the  solution  of  the  compound,  one  drop, 
or  at  most  a  few  drops,  of  ammonia  are  to  be  added.  If 
a  deep  black  precipitate  is  thus  produced,  insoluble  in  an 
excess  of  ammonia,  but  mcrelv  rendered  less  intensely  black 
thereby,  or  if  the  solution  being  very  acid,  this  addition  of 
ammonia  determines  a  grey  precipitate  insoluble  in  an  excess  of 
the  re-agent,  the  base  is  suboxtde  ov  mercury. 

When,  on  the  contrary,  one  or  at  most  a  few  drops  of  run  mania 
produce  in  the  solution  a  brown  precipitate,  which  immediately 
disappears  by  the  addition  of  a  larger  quantity  of  volatile 
alkali ;  or  if  the  addition  of  ammonia  produces  no  precipitate 
in  the  solution,  especiaUy  if  it  be  acid,  the  base  is  oxyoe  of 

SILVER. 

To  a  portion  of  the  solution  an  excess  of  solution  of  potash 
is  added.    If  this  produces  a  yeUow  precipitate,  the  base  is 

FROTOXTDB  OF  MERCURY  *. 

To  a  portion  of  the  original  solution,  one  of  jjrotosulphate 
of  iron  is  added.  If  a  brown  precipitate  be  tliereby  produced, 
which  after  settling  has  all  the  qnahties  of  metaUic  gold,  the 
base  is  oxyde  of  gold'. 

To  the  original  solution  a  little  dilute  sulphuric  acid,  or  some 

1  Wben  Hie  maA  mtation  of  the  eompoond  conteim  only  %  mall  quantity  of 
oxyde  «r  binotb,  Hie  pi«eipSt»(e  piodaeed  ibiatma  \ff  ndplnirettod  hydrogen  is 
davk4Rraiwii.  Bimnfli  eea  heidly  eaiot  hi  an  sqneone  lehrtiop  without  the  piwuiee 

of  a  free  aciil,  or  unless  it  be  in  tlie  state  of  an  acid  Halt.— En. 

-  This  yellow  precipitate  is  hydrate  of  protoxydo  of  mercurj'.  Sec  page  1 3C. — Ed. 

'  If  the  quantity  of  gnld  in  the  fuilntion  1h'  wry  sniall,  tho  ncMition  nf  proto- 
Milphato  of  iron  pro«hico«  only  a  blue  ci»loiir,  nt  least  at  first,  for  after  a  while  a 
brown  powder  uf  metallic  gold  ia  deposited.—  Ed. 
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solution  of  ft  sulphate  is  ftdded.  If  a  white  piecipitate  [of  sulphAte 

of  lead]  is  the  result,  the  base  is  protoxvde  op  lead. 

When  the  precipitate  produced  by  the  sulphuretted  kydrogem 
water  is  milky  white  [of  sulphur] » the  base  is  pbroxtdk  or 

IRON. 

If  the  precipitate  produced  by  sulphuretted  hydrogen  be  y  ellow, 
the  base  is  peroxyde  of  tin  or  ozyds  of  cadmium,  which 
may  be  distinguished  from  each  other  as  follows  * : — 

To  a  portion  of  the   original  solution,  kydroiufyhwret  of 
ammonia  is  to  be  added ;  if  this  solution  be  acid,  it  should  first 
be  neutralised  with  ammonia^  and  if  a  yellow  precipitate,  in&o- 
luble  in  any  excess  of  hydrosulphuret  of  ammonia,  be  produced, 
the  base  is  oxtdb  op  cADMinM. 

If,  on  the  contrary,  the  addition  of  hydrosulphuret  of  ammonia 
to  a  portion  of  the  original  solution,  previously  neutralised  by 
ammonia^  if  it  be  acid,  produces  a  yellow  precipitate  easily 
soluble  in  an  excess  of  hydrosulphuret  of  ammonia^  the  base  is 

PBROXTOB  OP  TIN. 

If  the  precipitate  produced  by  the  aqueous  solution  of 
iulpkuretted  hydrogen  be  dark-brown^  the  base  is  raoToxYHB 

OP  TIN. 

If  the  precipitate  produced  by  the  aqueous  solution  of 

sulphuretted  hydrogen  be  orange-red,  the  base  is  oxvde  uf 

ANTIMONY*. 

B. — ^When«  alter  having  acidified  the  solution  of  the  substance 
under  examination,  the  addition  of  sn^huretted  kydrogem  pro- 
duces no  precipitate,  then  the  base  is  not  one  of  those  from 
No.  14  to  No.  25  \    The  solution  of  the  compound,  if  acid, 

'  The  ydlow  pradpiftito  ii  not  immedifttely  produeed  in  dilnta^  n«atnd,  or  nod 
■olntiooBof  pooxTdeof  tin,lNil  oifyafttrniHiileor  byboifi^    The  pvadpilUe 

nu£;mpnt8  by  Htanding. — Ed. 

-  Tho  solution  must  be  decidedly  acid;  for  if  neutral,  the  addition  of  salphnreMid 
liydrof^on  would  only  at  f\i^t  iinpart  a  red  colour  to  the  solution  without  formhy  n 
precipitate.  In  such  a  case,  however,  ilic  addition  of  muriatic  acid  either  l>cfor*'  or 
after,  or  the  applying  of  heat,  immediately  determines  the  orau^red  precipitate  of 
eulphuret  of  antimony. — Ed. 

•  The  Mlnlion  tested  by  sulphuretted  hydrogen  must  always  be  decidedly  acid, 
•inoe  MT«Kml  sabfttanoet  are  precipitated  from  neotral  or  very  slightly  acid  aohk- 
tioos  by  eolphtitetled  bydragm}  Ibr  eumple,  oxifde  qfwmelB  not  precipitated  from 
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is  first  to  be  neutralised  with  ammoiiia,  and  hydrosufpkuret  of 
ammonia  is  tlien  to  be  added  to  it.  If  this  re-ageat  produces  ft 
precipitate,  the  base  is  one  of  those  from  No.  8  to  13,  and 
is  not  one  of  those  from  No.  1  to  7.   It  is,  therefore,  either 

ALUMTNA,  PROTOXYDB  OF  MANOANB8E,  OXTDB  OF  SINC,  OZTDX  OF 

COBALT,  OXYDE  OF  NICKEL,  Or  PROTOXYDE  OF  IRON. 

If  the  precipitate  produced  by  hydrosulphuret  of  ammonia  is 
bhMsk,  the  base  is  one  of  those  from  No.  11  to  13;  namdy, 

OXTOB   OF  COBALT,  OXYDB  OF  NICKBL,  FROTOZTDB   OF  IKON: 

these  tlircc  bases  may  be  distinguished  from  each  other  as 
follows ; — 

To  a  portion  of  the  original  solution  add  some  solution  of 
carbonate  qf  potash  or  t^ioda. 
If  the  precipitate  produced  thereby  be  first  white,  then  green, 

and  ultimately  reddish-browu  at  the  surface,   the   base  is 

PRDTOXYDB  OP  IRON*. 

If  the  precipitate  is  dirty  red,  the  base  is  oxtdb  of 

COBALT*. 

If  the  precipitate  is  bright  greeu,  the  base  is  oxyde  of 

NICKEL. 

If  the  precipitate  produced  by  kydrosulphuret  qf  ammoma  is 
of  a  flesh^colour,  the  base  is  frotoxtdb  of  manoanbsb. 

If,  on  the  contrary,  the  precipitate  thus  produced  by  hydro- 
sulphuret of  ammonia  is  white the  base  of  the  compound  is 

a  distinctly  acid  solution,  but  if  the  nolution  be  only  ueutral,  sulphuretted  iiydrugen 
win  came  a  white  precipitate.  The  operator  must  therefoM  make  sure  that  the 
wlotion  oootaios  a  strong  add  in  the  &ee  atete,  especially  as  the  Deutral  tofaitioiis  of 
the  salts  of  rine  redden  Ktmus  pspen^Eo. 

*  The  black  precipitate  of  sBlphoret  of  iron  prodnced  hy  hydrosnlpfauret  of 
ammonia  being  left  in  contAct  with  the  air  absorbs  oxygen  and  very  soon  becomes 
reddish-brown,  wliich  is  already  a  distinctive  character,  because  the  black  sulphuret 
of  cobalt  or  of  nickel  produced  by  the  Hnnie  re-a;^ent,  is  far  from  bopominr:  oxydised 
so  rapidly  by  exposure.  By  filtering  tliis  precipitate  it  almost  immediately  turns 
reddish-brown  on  the  filter,  because  the  pointo  of  contact  with  the  air  are  of  course 
mnch  increased. — Ed. 

*  TUa  dirty  xttd  precipitate  fa  s  mheMlMimte  of  oohalt^  wtSA  beeoiDeB  Uoe  by 
boiling.<-'£D. 

*  The  leMft  tmee  of  iron  impwto  *  gny  eoloar  to  the  pvedpitRto  pcodneed  by 
hydroeolphuret  of  ammonia,  and  if  the  praportioii  of  iroo  be  faffpery  the  pcedpitate 
is  darker  atill,  or  bl«ck.»£o. 
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either  oxyde  of  zinc  or  alumina,  which  two  bases  may  be 
distingtiialied  from  each  other  as  follows : — 

To  a  portion  of  the  original  sokition  add  ammonia.  If  the 
precipitate  thereby  produced  is  white,  and  soluble  in  an  ezoeaa 
of  this  re-ageiit,  the  base  of  the  salt  is  oxyde  of  zinc. 

If^  on  the  contrary^  the  precipitate  thereby  produced  is  not 
dissolved  by  an  excess  of  ammonia,  the  base  is  alumina. 

If  the  acidified  solution  of  the  substance  under  examinm- 
tion  affords  no  precipitate  with  the  aqueous  solution  <tf  sulpha- 
retted  hydrogen,  nor  the  neutral  solution  with  hydrosulpburet  of 
ammonia,  the  base  of  the  compound  does  not  belong  to  those 
from  No.  8  to  but  is  one  of  those  from  No.  1  to  7 ;  conse- 
quently, it  is  either  potash^  soda^  babtta,  stbontia,  lixb^ 
or  MAGNESIA.  To  discriminate  which  of  these  substances 
is  the  buse  sought  after,  pour  in  a  portion  of  the  neutral 
solution'  of  the  compound,  some  solution  of  carbonate  of 
potash  or  of  soda,  li  this  produces  a  white  precipitate  the 
base  is  oneof  those  from  No.  4  to  7^  and  not  one  of  those  from 
No.  1  to  a. 

To  distinguish  the  four  bases^  from  No.  4  to  7,  namely, 
BABYTA^  STBONTIA^  hiUB,  MAONBsiA^  somc  ammonja  must  be 
poured  in  the  origuud  solution  rendered  neutral.  If  a  white^ 
flocculent  precipitate  is  produced  thereby,  the  base  is  maq- 

NEST  A.  (We  should  remark,  however,  that  if  the  solution 
instead  of  being  neutral,  is  acid,  ammonia  will  produce  no 
precipitate^  even  though  the  base  be  magnesia)  *. 

To  distinguish  the  other  three  bases,  babtta,  stbontia  and 
LIHB^  which  are  not  precipitated  by  amuiouia  from  a  neutxal 

*■  If,  whikl  iMOlnltfliqg  tlM  tolntioii  bj  Mnmoniii, »  white  precipit»te  u  formtd,  it 
Isftpfoofof  theprcieneeof  iMgnwiifc  (Sm  bdow.)— >Eik 
>  This  is  owing  to  the  fonutioD  of  an  iwnfnonl><ml  aalt,  which,  if  llio  add  be  Is 

sufficient  quantity,  preyants  the  procipitatioa  of  dio  magnesia.   We  hava  aaei^  m 

fact,  in  the  first  part  (page  40),  that  the  presence  of  a  salt  of  ammonia  pcemits  the 
precipifntiou  of  mii;^esiii,  but  that  a  precipitate  of  hydrate  of  iimfrnesia  prodncoJ 
iu  a  ueutral  solution  is  dissolved  by  ihv  ad<iition  of  muriate  or  any  other  salt  of 
ammonia.  The  best  test  for  magnesia  in  an  acid  solution,  or  one  which  contains 
much  ammoniacal  salt,  is  phosphate  of  soda,  which  determines  therein  a  white 
OTateUine  pioeipctate,  espedaUy  hy  boiling  (page  40).^Ed. 
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solution^  a  conceutrated  solutiou  of  sulphate  op  limb  is  to  be 
added  to_the  concentrated  solution  of  the  compound.  If  a 
precipitate  is  immediately  produced  by  it,  the  base  is  baryta. 
If  the  precipitate  appears  only  after  a  time,  the  base  is  strontia; 
if  no  precipitate  is  formed,  the  base  is  lime  *. 

In  order  to  distinguish  more  conclusively  still  babtta  from 
8TBONTIA,  hydroflmMiUde  add  should  be  poured  in  the  solution 
of  the  salt  under  examination.  If  after  a  time  a  precipitate  is 
thereby  produced,  the  base  is  baryta  ;  if  no  precipitate  appears^ 
the  base  is  strontia 

D. — ^If  the  acidified  solution  of  the  substance  under  examina- 
tion yields  no  precipitate  by  treatment  with  tulphwretted 
hydrogen  water,  nor  the  neutral  solution  by  hydrosulphuret  of 
ammonia,  nor  yet  by  carbonate  of  potash  or  of  soda,  the  base 
does  not  belong  to  those  from  No.  4  to  25^  but  is  one  of  those 
from  No.  1  to  8,  and  is  therefore  either  potash,  sooai  or 

AMMONIA. 

These  three  bases  may  be  distinguished  from  each  other 
in  the  following  maimer : — To  a  portion  of  the  concentrated 
solution  of  the  substance,  add  a  concentrated  solution  uipota^  ; 
if  an  odour  of  ammoiiia  is  disengaged,  and  further,  if  white 
clouds  are  produced  by  holding  at  the  surface  of  the  liquid  a  glass 
rod  moistened  with  dilute  muriatic  acid,  the  base  is  ammonia. 

If  nothing  of  the  kind  is  produced,  some  alcoholic  solution  of 
chloride  of  platinum  is  to  be  poured  in  the  concentrated  solution 
of  the  substance,  and  if  a  yellow  precipitate  is  thereby  producedj 
the  base  iB*P0TASH. 

*  This  negative  proof  should,  however,  be  confimwd  by  adding  oxalie  acid,  or 
better  aliD,  a  lohitioa  of  oxalate  of  ammonia  to  Aat  of  Ihe  oompoand^  iriilch  wiU 
doteminea  whiteprodpiteteof  aapofateqf  Ifaieif  fliatl^  Theaolntaon 
ihonld  be  dilute.  It  should  be  boruc  in  miud  that  if  oxalic  acid  or  an  oxalate  is 
present  in  the  solution,  the  addition  of  solution  of  «tt(/>/(a/<;  of  lime  will  produce  a  whito 
]irocipitxitc  of  oxalate  of  lime^  which  must  not  be  mistaken  for  one  of  sulphate  of 
baryta. — Ed. 

-  The  original  solution  roust  be  acid,  or  at  most  neutral,  fur  hydi-ofiuosilicic  acid 
when  poured  in  a  solution  of  ammoma  prodneea  an  abimdaat  precipitate  of  ailide 
add,  wUdi  wonU  be  tibe  eaae  if  the  aolutioo  undw  examination  conteined  ft«e 
ammoniai  Kdi 
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If  no  precipitate  is  thereby  lormed,  the  base  of  the  oompound 

is  tODA  *• 

8.  COURSE  OF  TUE  ANALYSIS  TO  DETECT  THE  ACID  OR  THE 

NON-BIETALLIC  BODY. 

A.  To  a  portiou  of  the  solution  of  the  compound^  muriatic 
acid  is  to  be  added.  If  an  efferveseenoe  takes  pUoe^  ^ 
solution  contains  caebonic  acid  or  sulphur  in  comhinaHni 

with  one  of  tlie  metals  of  the  bases  in  the  hst. 

If  tlie  gas  disengaged  from  tlie  licjuor  with  effervescence  haa 
the  well-known  odour  of  sulphuretted  hydrogen,  the  aolntion 
contains  a  metallic  sulphuret.  If,  on  the  contraiy,  the  gai 
which  escapes  with  effervescence  is  inodoionsy  the  acid  of  the 
compound  is  cakbomc  acid'. 

B.  If  Inuriatic  acid  produces  no  effervescence^  the  neutral 
tion  must  be  diluted  with  a  sufficient  quantity  of  water,  and  sqIop 
tion  ofehhride  of  barium  must  be  added.  If  a  precipitate  is  thos 
produ(.-cd,  tlic  liquor  contains  eitlicr  sulphvric  acid,  rnosiMiui.ic 
ACID,  ARSENIC  ACID,  01  BOKAcic  ACID*.  Thcse  6ubstances  may 
be  distiugnished  from  each  other  in  the  following  manner : — 

To  the  precipitate  produced  by  ehbnide  ofbartmm  in  the  neutral 
solution  add  a  small  quantity  of  a  free  acid,  and  in  preference  to 

*  This  negative  test  should  be  rt  iulcred  conclusive  by  anliuioniatc  of  ji<:>ta.-h 
(see  the  note  page  1 4)^  and  by  the  yellow  colour  of  the  blow-pipe,  and  of  the  flame 
of  alcohol  (page  13).— Ed. 
V  *  Tlie  additkiii  of  nniriaiio  acid  pourod  ia  a  MhilioD  of  a  eMbonato  mmat/Smm 

AOs  in  pvodndag  an  effwaooiieeu  This  happona  wfaan  ilia  quantity  of  the  ew> 
booate  la  anall,  or,  whidi  ia  the  aaina^  ^Ausx  its  adhitioii  ia  dilnia»  and  it  b  owing  lo 
this  timt  tlie  carbonic  add  liberated  diaflolTM  in  the  water  of  the  solution.  Evea 
though  tho  quniitity  of  carbonate  bo  larger  or  even  con.sidei-ablo,  tlic  addition  of  tbr 
lu'id  may  at  tir»t  cause  only  a  slight  «.'fferve»cenco,  or  even  no  cfl\Tvi*^*encc,  Wy'au;- 
the  carbonic  acid  liberated  couibinos  with  n  ]>ortion  of  the  uadecompoe^  carbooat^ 
and  converts  it  into  a  bicarbonate  (soe  page  383). — Ed. 

'  The  prawnce  of  boradc  acid  in  the  solution  may  escape  detection  when  tested 
ehlofide  of  barium,  if  the  eolation  ia  verj  dilute,  or  if  it  eontain  amiiiniinial 
Bal1%  M  leaal  in  too  great  qoantilj;  becanae^  on  the  one  band,bonto 
dli^tljr  eolable  in  water  woaM  not  in  ^  eaaa  be  pree^itated ;  and,  on  the  ete, 
because  the  preaenco  of  ammouiacal  salta  prevents  the  precipitation  of  bonis  of 
barytii  Neither  »houid  too  much  chloride  of  baiiom  be  added,  ainoo  botsls  cf 
soda  is  soluble  in  an  excess  of  this  re-agent.. — £d. 
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auy  other,  of  muriatic  acid.  If  the  precipitate  remains  unaltered, 
the  acid  of  the  combination  is  svlphuric  acid.  If^  on  the 
oontrary,  the  free  acid  and  an  addition  of  water  dissolves  the 

precipitate,  the  compound  contains  cither  phosphohic  acid, 
AKS£Nic  ACID,  or  BORACic  ACID.  Thesc  three  substances  may 
be  distinguished  as  follows : — 

A  portion  of  the  compound  reduced  to  powder  is  put  in  a 
platinum  or  poroelaSn  crucible,  or  in  a  small  porcelain  dish,  and 
moiste  ned  with  a  few  drops  oi  sulphuric  acid ;  alcohol  is  then  to 
be  added,  and  set  fire  to.  If  the  flame  of  the  alcohol  be  green, 
the  add  of  the  compound  is  bobaoic  acio  \ 

If  the  compound  contains  no  boradc  add,  a  portion  of  the 
solution  of  the  compound  should  he  acidified  by  an  acid,  but  in 
preference  by  muriatic  acid,  and  then,  sulphuretted  hydrogen 
VHUer  being  added,  the  whole  is  to  be  heated.  If,  after  some 
time,  a  yeDow  piedpitate  is  formed,  the  add  of  the  compound 

is  AKSBNIC  ACID*. 

If  this  reaction  does  not  take  place,  and  provided  the  operator 
has  ascertained  that  no  boracic  acid  is  present,  then  the  add  of 
the  compound  is  phosphobic  acid'. 

C.  If  the  experiments  above  related  have  demonstrated  the 

*  If  die  eomponnd  to  be  eumined  is  in  Hm  stale  of  eohitioii,  it  mnat  be  evepor* 

Atad  ;  the  mail  obtained  is  tfien  tested,  as  just  said,  with  Bolpfauric  acid  aiid  alcohol. 
Care  must  be  taken  in  evapovaiingi  beeanee  the  bonde  add  TolatiliMa  with  the 

aqueous  vapour. — En 

'  In  testing  for  the  bases  'tliis  yellow  precipitate  may  have  been  jirdduced, 
and  it  may  be  coufomided  with  o&ydc  of  cadmium  or  with  peroxyde  ul  tin,  wliich 
yield  abo  a  yeUow  pcedpitote  when  tlua  acid  eolation  is  treated  hy  salphnietted 
hydrogen ;  bat  yeUow  sulphnret  of  anenie  ia  diatfaigajahed  from  the  yellow 
aolphuret  of  cadmhuD,  beflame  tiie  flvat  la  aohible  in  hydroanlpfanvet  of  ammonia 
and  in  potash,  wliilst  the  second  is  inaoloble  therein  ;  and  it  differs  from  the  yellow 
persulpluirct  of  tin,  because  the  fir?t  ia  volatile  at  a  high  temperature,  which  is  not 
the  case  with  the  second.  But  the  most  chai*acteristie  te«t  13  the  blow-pipe  and  the 
other  re-ftgents  mentioned  (page  331),  which  preclude  the  possibiUty  of  error.  If 
the  pi'cscnce  of  arsenic  acid  is  thus  demouBtratcd,  the  base  of  the  compound  nmst 
have  been  found  to  be  an  alkaliydiiee  the  alkaUne  aneniatea  only  are  aolnble  in 
water. — En. 

*  TUa  ia^  however,  a  nogalive  pvoof  whidi  aboold  be  rendered  positive  and  oon- 
dusive  by  testing  with  nitrate  of  silver,  sulphate  of  magnesia  with  some  free  ammonia, 
and  before  the  blow-pii)e.  Nitrate  of  silver  is  the  best  test,  but  the  absence  of 
araenioua  acid  must  be  previoady  aacertained.   (See  pages  262, 34 1). — £0. 
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abaence  of  carbonic  acid,  sulpuuric  acio,  boracic  acid. 

AB8INIC  ACID,  PB08PH0BIC  ACID>  Slid  Of  SVLPHVEy  in  the  SuKk 

stance  under  examination ;  nUraie  of  silver  moat  be  added  to  a 

portion  of  the  solution.  If  tliis  produces  a  white  precipitate 
insoluble  in  dilute  nit  t  it  acid«  the  compound  coutaina  CHiiO- 
BiNB  *  in  combination  with  one  of  the  metals  of  the  twenty-five 
bases  in  the  list. 

T>.  When  it  has  been  ascertained  that  the  compound  contains 

no  CAROONICy  BULPHUBIC,  BO&ACIC,  ARSENIC,  rilOSPUOHIC  A.Cim 

nor  8VLPHVB,  nor  yet  chlobinx,  a  portion  of  the  dry  oompouMi 
should  be  heated  with  a  little  diaiooal  powder.   If  the  oomboi- 

tiun  of  the  charcoal  is  burning  actively  with  a  deflagraXxu^ 
noise,  the  acid  of  the  compound  is  nitric  acid'. 

When  by  means  of  the  above  expeiiments  the  operator  Uunkt 
that  he  has  detected  the  base  and  the  add  of  the  compound,  it 
is  absolutely  necessary  to  resort  to  another  series  of  expeiimenti 
in  order  to  acquire  the  conviction  that  the  results  obtiiined  are 
accurate.  With  this  view  the  base  and  the  acid  must  be  sabmitted 
to  the  greatest  possible  number  of  the  tests  enumerated  in  the 
first  part  of  this  volume,  and  those  re-agents  should  be  diosen 
in  preference  wliich  produce  the  most  characteristic  reactions, 
and  distinguish  most  clearly  the  substance  under  cxamiuatioa 
from  other  substances  which  it  might  resemble.  I  have  always 
taken  care  to  point  out  the  re-agents  which  act  in  a  characteristic 
manner.  It  is  only  after  these  further  experiments  thai  the 
analyst  can  rely  upon  the  accuracy  of  the  results  obtained  in  the 
first  instance.  This  rule  is  without  exceptionj  and  appliea  to  all 
cases  of  qualitative  analysis.  The  beginner  sometimes  finds 
difficulties  in  following  it  when  the  substances  operated  upoE, 
instead  of  being  purc^  are  mixed  with  small  quantities  of  other 
substances  which  may  modify  the  action  of  the  re-agents. 

^  If  the  solution  be  very  dilute,  or  the  quantity  of  cfalorine  or  of  chloride  vct^  smal^ 
nitrate  of  silver  will  only  produce  a  milkiness.  This  test  is  so  deUcate,  that, 
according  to  Dcr/.<-1iu8,  1  port  of  mariAtic  acid  ma^  that  be  detected  in  abeT«  il) 
million  parts  of  water. —  En. 

•  If  the  substance  under  e.vumiiiation  be  in  tlie  state  of  solution,  it  should  bt  test^^l 
with  protosulphate  of  iron  and  sulphoric  acid,  or  with  quill.shavingsy  &.c.  (jp«ge  2o2}. 
— Eo. 
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CHAPTER  VL 

COURSE  OF  QUALITATIVE  ANALYSIS  FOR  COMPOUNDS 
WHICH  AR£  ABSOLUTELY  INSOLUBLE,  OR  VERY 
SPAKINOLY  SOLUBLE  IN  WATER,  BUT  WHICH  ARE 

SOLUBLE  IN  ACID;S,  AND  WIIICU  CONSIST  ONLY  OF 
A  BASE  COMBINED  WITH  AN  ACID,  OR  OF  A  METAL 
COliBINED  WITH  A  NON-HETALUC  BODY.  AND  THE 
CONSTITUENT  PRINCIPLES  OP  WHICH  COMPOUND 

AliL  AMONG  THOSE  OF  THE  LIST  (Page  622j. 


*  Thk  combinations  belongin*;  to  this  class  are  a  ^reat  number 
of  salts,  e:^i)ociaIly  almost  all  the  neutral  salts  whicli  phosphoric, 

ear  borne,  and  boraeie  aeida,  form  mtk  the  eartht  and  the 
metalUe  oxydes,  properly  so  called,  and  consequently  the  bases 
from  No.  1  to  23  ;  for  an  excess  of  acid  is  necessary  to  dissolve 
these  combinations  combined  with  any  of  the  four  acids. 

*  When  it  has  been  ascertained  that  the  compound  under 
examination  is  completely  insoluble,  or  at  least  veiy  sparingfy 
soluble  in  water,  even  though  it  be  heated  to  ebullition,  the 
water  is  to  be  decanted,  and  the  operator  must  try  to  dissolve  it 
by  means  of  an  add.  Muriatic  acid  is  generally  preferable  to 
any  other.  The  greatest  number  of  the  salts  which  are  insoluble 
in  water  are  soluble  in  this  add,  especially  with  the  help  of  heat. 

The  acid  should  be  diluted  with  half  its  own  bulk  of  water, 
and  it  is  advisable  not  to  employ  a  useless  excess  of  it.  Nitric 
add  should  be  substituted  for  fmariaHe  acid  for  certain  salts, 
especiaUy  those  which  have  asffde  qfiiiver,  ntbaapyde  qf  mercury, 
or  oxyde  of  had  for  a  base. 
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*  Among  the  compounds  whicli  arc  insoluble  in  watc  r,  are  to  | 
b«  included  the  comhinations  of  wlphtr  with  the  metals  of  the 
bases  from  No.  9  to  25,  and  also  the  metals  of  a  few  earths^ 
althoiigli^  as  wc  have  already  mentioned  it  in  page  45i,  several  I 
of  these  sulphurets  are  soluble  in  eouceutrated  muriatic  i\r[(] 
with  disengagement  of  sulphuretted  hydrogen^  especiallj  with  the 
help  of  heat^  yet  nitric  add  is  generally  resorted  to  in  preference 
to  muriatic  acid  for  the  purpose  of  dissolving  them.    It  it 
evident  that  sulphurets,  when  thus  treated,  undergo  decomposi-  i 
tiou,  part  of  the  sulphur  being  thereby  converted  into  sulphuric  I 
acid^  which  may  he  discovered  in  the  liquor,  whilst  another 
portion  is  separated  with  a  colour  which  at  first  is  not  that  of 
sulphur  (page  453).    The  best  manner  of  proceeding  is  to 
pulverise  the  sulphuret,  dif^cst  it  in  nitric  acid,  and  boil  it  until 
the  operator  is  sure  that  the  insoluble  portion  consists  only  of 
sulphur.  It  is  true  that  sulphuret  of  lead  forms,  after  treatment 
with  nitric  add,  a  sulphate  of  lead  which  remains  insoluble 
along  with  tlie  sulphur,  but  in  that  case  a  suflicient  quantity 
of  lead  is  dissolved  in  the  state  of  uitrate  of  lead  to  detect  the 
metal  in  the  solution  by  the  appropriate  re-agents.  Sulphuret 
of  mercury  resists  decomposition  by  nitric  add,  wherefine 
in  that  case  aqua  regia  is  employed,  which  must  also  be  re- 
sorted to  for  efifectiug  the  decomposition  of  sulphuret  of  tin  or 
of  antimony. 

*  Most  of  the  combinations  of  sulphuric  add  and  of  nitric 
add  with  the  above  bases  are  soluble  in  water,  except  those 

mentioned  in  ])ai:cs  6;2 1,  G25.  Several  nietallic  oxyde«,  however, 
form  with  these  acids  neutral  salts  which*  are  soluble,  but  their 
basic  salts  are  insoluble  in  water  and  soluble  in  an  add. 

1,  METHOD  OF  PROCEEDING  TO  DETECT  THE  BASE 

OR  THE  METAL. 

A.  The  acid  solution  of  the  salt  which  is  insoluble  in  water 
is  to  be  diluted  with  water,  and  then  treated  by  mt^phgreUed 
hydrogen  water.  If  a  predpitate  is  produced,  the  base  is  one  of 
those  from  No.  14  to  25,  aud  is  consequently  the  peboxtob  of 
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lEON,  OXYDB  OF  CADMIUM^  OXYDB  OP  LEAD,  OXYDB  OF  BISMCTBj 
PROTOXYDB  OF  COPFBB|  OXTDE  OF  SILYBE,  PBOTOXYDB  OF 
CUBY)  PBROXYDE  OF  MERCURY,  OXYBE  OF  GOLD,  PROTOXYDB  OF 

TIN,  rEKOXYDK  OP  TIN,  01*  OXVDE  OF  ANTIMONY.      To  distin<ruish 

these  oxydcs  from  each  other,  the  same  method  of  proceeding 
is  to  be  adopted  as  we  lure  described  firom  page  625  to  page  628. 
We  should  remark  here,  that  if  the  insoluble  salt  contains 
ARSEKic  ACID,  it  IB  Hkewise  predpitated  from  the  solution  by 

sulpliurcttcd  hydrogen  in  tlic  state  of  siilphuret  of  arsenic.  In 
most  cases,  howe?er,  it  is  easy  to  precipitate  the  metallic  oxyde, 
which  can  be  precipitated  by  sulphuretted  hydrogen  sooner 
than  arsenic  acid,  because  the  latter  requires  some  time  to  be 
precipitated  by  sulphuretted  hydrogen,  and  it  is  only  when  lieat 
is  applied  that  it  is  precipitated  quickly  \  The  oxyba«es,  on 
the  contrary,  are  precipitated  sooner  and  with  their  character- 
istic colours,  so  that  these  precipitated  metallic  sulphurets  can 
be  collected  rapidly  upon  a  filter,  after  which  the  filtered  liquor, 
which  should  smell  strongly  of  sulphuretted  li\  drogen,  must  be 
boiled  in  order  to  see  whether  a  precipitate  of  sulphuret  of 
arsenic  can  he  further  produced.  As  a  confirmation  of  the 
result  obtained,  the  operator  should  never  omit  to  examine  the 
insoluble  salt  before  the  blow-pipe,  in  the  manner  described 
(page  3;i7),  iu  order  to  ascertain  whether  it  contains  arsenic  acid 
or  not. 

B.  If  the  solution  of  sulphuretted  hydrogen  produces  no  pre- 
cipitate in  the  acid  solution  of  the  salt,  the  base  of  course  ia  not 
one  of  those  from  No.  14  to  25,  and  in  such  case,  the  acid  solution 

should  accordingly  be  supersaturated  with  ammonia,  and  hydro- 
sulphuret  of  ammonia  added.  If  a  black  precipitate  be  then 
produced,  or  if  a  precipitate  having  already  been  produced 

'  Witli  a r«fnt/«,  however,  this  y  ellow  precipitate  is  almost  immodiatrly  produced 
by  tlie  addition  of  sulphuretted  hydrogen,  even  iu  the  cold  solution,  which  jirccipitate 
tivxy  be  recognised  as  being  a  sulphuret  of  arsenic,  because  it  is  suiubie  iu  hydro- 
sulphuret  of  aumouia,  and  voUtilisable  at  a  high  temperature.  See  the  tests  far 
«n«ii<NM  acid,  page  238.  If  PSBorrra  of  ibon  be  paeoeDt^  mlpliiiveftled  hydrogen 
will  likewise  erase  a  ydbmorwUte  pfeeipitafteof  SH^aftiir,  which  nu^  be  leoognised 
as  sndi  by  buniog  it»  when  the  ebaracteristic  blue  flame  of  biminig  snlphnr  and 
edoar  of  solphiKoas  add  will  at  ones  idsatify  it  as  saehv->ED. 
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whilst  saturating  the  acid  sohition  with  ammonia,  it  is  rendered 
black  by  addition  of  hydrosulphurct  of  ammonia,  the  base  is 
one  of  those  from  No.  11  to  13^  and  is  conseqoently  fbotoztos 

of'  iron,  OXTDB  OV  NICKBLy  OT  OZTDB  Of  COBALT.    To  dit- 

tingniflli  whidi  of  these  thiee  bases  is  oontained  in  the  salt,  a 

small  quantity  of  the  solid  salt  must  bo  tried  before  the  blow- 
pipe, by  which  means  oxyde  of  cobalt,  if  present,  may  be 
easily  detected ;  bat  pmtoxffde  qf  vnn  or  oxyde  qfniekd  is  not  so 
easily  distingnislied;  and  therefore,  if  the  result  be  not  quite 

satisfactory  in  reference  to  these  two  latter  oxydes,  a  portion 
of  the  solution  should  be  tested  by  ferricyanide  of  potassium 
(page  85), 

If  the  precipitate  prodaced  by  hydrosnlphnret  of  ammonia 
has  the  characteristic  flesh-colonr  of  the  snlphnret  of  mang^anese, 
or  if  ammonia  produces  a  precipitate  which  acquires  this  flesh-  | 
colour  on  the  addition  of  hydrosulphuret  of  ammonia,  then  the 
base  of  the  salt  is  pkotoztdb  ot  manoanbsb. 

*  I  have  already  remarked  O^age  64),  that  the  flesh-colonr 
of  snlphnret  of  manganese  may  be  concealed  by  very  small 
quantities  of  other  metallic  sulphurets,  especially  those  which 
are  of  a  black  colour. 

If,  on  the  contniiy,  the  snpersatnration  of  the  acid  solution 
of  the  salt  by  ammoma  produces  a  white  precipitate,  the  colour 
of  which  is  not  changed  by  addition  of  hydrosulphurct  of 
ammonia,  the  base  is  either  oxyde  of  zinc  or  alumina;  ret 
magnesia,  Ume,  strontia,  and  baryta  may  also  be  precipitated  by 
ammonia  when  combined  in  the  insoluble  salt  with  pkospkarie 
acid,  or  even  with  boraeie  aeid.  These  substances  may  be 
distinguished  from  each  other  in  the  following  manner : — 

The  presence  of  oxyde  of  zinc  may  be  recognised  by  mixing 
a  small  quantity  of  the  insoluble  salt  with  soda,  and  heating  it 
on  charcoal  in  the  interior  flame  of  the  blow-pipe,  or  moistening 
it  with  solution  of  mtrate  of  cobalt  (page  73),  and  then  heatin?  | 
it  in  the  flame  of  the  blow-pipe.  But  if  a  considerable  (quantity 
of  ammonia  has  been  employed  for  the  puq)ose  of  satnrating 
the  acid  solution  of  the  salt,  the  precipitate,  if  it  be  oxyde  of 
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zinc,  is  rc-dissolvcd,  aud  a  clear  liquid  is  thus  re-produced,  in 
which,  however,  hydrostdphurel  of  ammonia  determines  a  white 
precipitate  insoluble  in  potash  and  in  ammonia. 
The  presence  of  alumina  is  recognised  by  heating  before  the 

blow-pipe  a  small  portion  of  the  solid  salt  moistcued  with  solu- 
tion of  nitrate  of  cobalt,  and  because  the  precipitate  produced 

by  saturating  the  acid  liquid  with  ammonia  iasohible  in  solution 
of  exoess  otpaiaik  (page  44),  and  if  hydrosulphuret  <^  ammonia 
be  added  to  this  precipitate^  it  is  nevertheless  dissolved  by  an 
excess  of  potash. 

The  presence  of  strontia  and  BAaTTA  is  recognised,  because 
dilute  sulphuric  acid  produces  a  white  precipitate  in  the  acid  solu- 
tion of  the  salt  diluted  with  a  large  quantity  of  water,  or  better 
still,  because  by  adding  to  the  liquor  a  solution  of  sulphate  of  lime, 
a  precipitate  of  sulphate  of  baryta  or  of  sulphate  of  strontia  is 
produced,  the  first  immediately,  the  second  after  some  time*. 
In  order  to  distingoish  baryta  firom  sirmUia,  hydroflnosilidc 
acid  is  to  be  poured  in  the  acid  liquid  diluted  with  water; 
and  after  some  time,  a  precipitate  will  be  produced  if  the  salt 
contains  baryta,  but  none  will  be  produced  by  that  re-agent  if 
the  base  is  strontia. 

The  presence  of  limb  is  ascertained  by  adding  to  the  concen- 
trated solution  of  the  salt,  first  sulphuric  acid  and  then  alcohol. 
If  a  white  precipitate  be  formed,  the  presence  of  lime  maybe 
regarded  as  certain,  provided  the  absence  of  Itaryia  and  of  Hroniia 
has  been  previously  ascertained. 

The  best  method  of  detecting  magnesia  in  the  solid  salts 
which  are  insoluble  in  water,  consists  in  treating  them  before 
the  blpw-pipe  with  solution  of  nitrate  op  cobalt  (page  42)  . 

>  If  oxalicacid  be  present,  a  white  predpitate  of  oxAlate  of  lime  will  be  prodneedbjr 

solution  of  sulphate  of  lime  ;  if  the  muriatic  acid  solution  contained  oxalate  of  lime, 
a  precipitate  will  have  been  produced  when  testing  it  with  bydnMulphuMt  of 
ammonia. — Ed. 

•  The  pink  colour  produced  by  treatment  of  magnesia  with  nitrate  of  cobalt  before 
tiw  blow-pipe,  takes  phiee  onlj  it  the  imigmwinn  Mit  k  povfiBetly  pure,  for  die 
■nallagtqiiHilityofiiielillkmjrtepn^  M(MOv«r,ilutfin«pink 
eoloor  is  wiy  feiUfl^  tad  CHniot  be  diserimi^^ 
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The  absence  of  other  earthy  bases  is  already  an  indication  that 
magnesia  may  be  present. 

C.  If  no  precipitate  has  been  prodaoed  in  the  acid  aolutkm  of 
the  s.alt  by  sidphuretted  hydrogen,  nor  by  hydtt)s«lphiMnet  rf 
ammonia  when  added  to  the  acid  solution  when  first  saturated 
with  ftTnw*""i'S  the  operator  mxist  add  a  solution  of  carbonate 
OP  POTASH  or  OP  SODA  to  the  portion  of  the  add  solution  of  the 
salt  alter  first  dilnting  it  with  water.  If  after  aatnntiain  of 
the  liquor  with  this  alkali  a  precipitate  is  produced  etther 
immediately  or  after  prolonged  boiling,  the  base  is  one  from 
No.  4  to  7|  and  is  therefore  either  maonbsia^  lime,  stuontia, 

or  BARYTA. 

To  distinguish  these  substances  from' each  other,  n  smafl 
quantity  of  dilute  sulphuric  acid,  or  better  still,  of  sulphate  of 
Hme^  must  be  added  to  the  acid  solution  of  the  salt  first  diluted 
with  water. 

If  a  precipitate  is  produced,  the  base  is  either  stbontia  or 

BARYTA.  The  presence  of  the  latter  is  recognised,  because 
hydrofluosilicic  acid,  bein^'  poured  in  another  portion  of  the  acid 
and  diluted  solution  of  the  sidt,  determines  a  white  precipitate 
after  some  time. 

Lime  is  recognised,  if  the  above  bases  are  not  present,  by 
adding  a  solution  of  muriate  of  ammonia*,  and  saturating  it 
with  ammonia^  and  then  testing  with  the  solution  of  an  oxalate, 
which  will  produce  a  white  precipitate  if  limb  be  the  base  of  the 
compound  (page  35) 

mbttaiMe^  and  a  strong  fin  is  required  to  devdopo  it.  Hie  best  way  o(  ianriii 
MieoeM  ooiwiato  in  boiliiig  the  add  eohitiim  ol  «iw 

baae  ftffmbiniwg  witfi  Ifaeaioid  of  tte  maflnfuiiin  oompoond  will  determine  a  predpitaie 
of  magnesia,  which  may  be  collected  upon  a  filter,  washed  with  care  to  free  it  fron 
the  adhering  potash,  and  then  teated  before  the  blow-pipe  with  nitrate  of  oobalt,  m 

above  said. — Ed. 

*  We  need  Imnlly  remark  tlmt  tliis  uddition  of  muriate  of  ammonia  is  for  the 
purpose  of  preventing  the  precipitation  of  magnesia  in  case  it  were  present. — £a 

2  The  absence  of  baryta  and  of  strontia  nuMt  be  piOTioosIjr  aeoiitaiDed  bcAiv 
teating  by  sohition  of  aa  oauJate,  ainee  ondic  add  and  all  the  eolnble  oxahleepeodew 
in  the  nentral  adntiona  of  alrontia  and  of  baryta  a  white  predpitale  of  oxalalB«r 
theee  baaee,  wfaidi  ia  rendaved  more  abundant  atiU  by  the  pwiaenae  or  teHMr 
addition  of  funrooniji  Kni 
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If  tlu8  reactioii  does  not  take  plaoe^  photphaie  of  soda  must  be 
added  to  the  same  liquor  in  which  the  addition  of  the  solution 

of  an  oxiilute  has  proved  the  absence  of  lime.  If  a  white  pre- 
cipitate is  formed^  although  the  liquor  contains  free  ammonia, 
it  is  a  conclusive  proof  of  the  presence  of  magnesia  (page  40). 

D.  It  is  useless  to  search  for  alkalies  in  the  compound  in- 
soluble in  water,  since  all  these  bases  form  with  the  acids  in  the 
list  salts  which  are  soluble  in  water. 

2.  COURSE  OF  THE  ANALYSIS  TO  DETECT  THE  ACID  OR  THE 

NON-METALLIC  BODY. 

A  portion  of  the  dry  salt  is  first  to  be  moistened  with  water, 
and  drenched  with  some  dilute  muriatic  acid.   The  presence  of 

CARBONIC  ACID  is  recoguiscd  by  iiu  etrervcsconcc  of  an  inodorous 
gas.  If  the  carbonate  insoluble  in  water  is  not  in  powder  but 
in  lumps^  the  application  of  heat  is  often  required  in  order  to 
determine  that  effervescence,  and  the  acid  employed  should  not 
be  too  concentrated.  If  dilute  muriatic  acid  discngaj]:es  with 
ctteiTCScence  a  gas  having  the  odour  of  sulphuretted  hydi'ogen, 
the  compound  under  examination  contains  sulphur  combined 
with  a  metal. 

Theiusoluble  compound  is  next  thrown  upon  j^mted  charcoal 
in  order  to  detect  nitric  acid.  This  acid  can  be  present  only 
if  the  compound  is  a  basic  salt.  The  compound  should  likewise 
be  tried  before  the  blow-pipe  upon  charcoal  in  order  to  ascertain 
whether  it  contains  arsenic  acid,  which,  however,  if  present, 
will  have  been  detected  in  testing  for  the  base  of  the  salt. 

The  combination  is  next  to  be  mixed  in  a  platinum  or  porcelain 
cnudble  with  sulphuric  acid  and  alcohol,  and  if  bdng  set  fire  to 
it  bums  with  a  green  flame^  it  indicates  the  presence  of  bokacic 

ACID. 

A  portion  of  the  combination  is  to  be  dissolved  in  nitric  acid, 
if  possible  in  the  coldj  and  the  add  solution  diluted  with  water 
is  tested  with  a  little  solution  of  nitrafe  cfsiher.   If  a  white 

precipitate  is  formed,  the  substance  under  examination  is  a 
cuL0RiN£  COMPOUND.    But  whcu  the  substance  requires  aqua 

T  T 
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reyia  for  its  sohitiou,  as  is  the  case  with  subchloride  of  mercury, 
the  presence  of  chlorine  cannot  be  detected  in  this  way.  The 
snbstance,  therefore,  should  be  heated  with  a  solatioii  of  pota$k 
which  must  be  perfectly  free  from  chloride  of  potassioin,  and 
the  black  precipitate  of  suboxydc  of  mercury  protluccd  may 
be  collected  upon  a  filter,  after  which  the  presence  of  chlorine 
in  the  liquor  filtered  therefrom  may  easily  be  detected  by 
saturating  it  first  with  nitric  add,  and  testing  it  with  nttvate 
of  silver. 

Nitric  acid  is  poured  upon  a  portion  of  the  substance,  and 
heat  a])plied  to  the  whole.  If  a  reaction  takes  place  accompanied 
with  ruddy  fumes  of  nitrous  acid  and  separation  of  sulpliury 
which  at  first  does  not  appear  with  its  characteristic  colour,  but 
becomes  visible  by  a  prolonged  digeation  in  nitric  acid,  and  if 
the  liquor  being  substMpiently  diluted  ^\itli  water  yield  a  white 
precipitate '  when  tested  by  niiraie  qf  baryta,  the  compound  is 
a  iiXTALLic  suLPHUBBT.  Agua  regia  should  be  resorted  to 
instead  of  nitric  acid  only  if  the  combination  is  a  suLPBiniBT  ot 
MERCURY,  because  this  substance  is  not  acted  upon  by  nitric 
acid.  In  this  case  the  disengagement  is  not  one  of  nitrous  acid 
but  of  chlorine.  If  the  combination  is  sulfhubbt  or  lbad,  of 
TIN,  or  of  ANTIMONY,  the  reaction  produced  by  digestion  in 
nitric  acid  consists  not  only  in  sulphur,  but  in  sulphate  of  lead, 
of  tin,  or  of  autiinony.  In  tliese  cases  also  aqua  nyia  should 
be  used  instead  of  nitric  acid. 

When  snlphuret  of  lead  is  treated  by  nitric  add,  the  add 
liquor  contains  scarcely  any  sulphuric  add,  because  this  add  is 
predpitated  in  the  state  of  sulphate  of  lead. 

Lastly,  to  the  muriatic  solution  of  the  salt  diluted  with  water 
a  solution  of  chioride  qf  barium  is  added,  or  else  a  solution  of 

'  This  white  precipitate,  it  is  almost  Piij^'^rfltiotiq  to  add,  is  Btil[)hato  of  baryta  ;  % 
portion  of  the  sulpluir  of  the  sulphun-t  li.ivin;;  bwn  converted  into  Hnl[>huric  »<'itl, 
the  remainder  of  the  sulphur  formiug,  aftur  a  prolonged  ebullition,  hard  yellow 
hunps,  whidi  bowvrar  nuy  be  entirdy  eaaraied  into  •olplinrio  add  bj  %  rer}'  long 
digMlion  in  niltie  addt  which  duNild  bevenewed  aaveml  thnM ;  Ae  «Blii«  eonrer- 
■loQ  of  file  inlphQr  into  aniphnfio  said  by  tfns  pcoMH  i%  honw,  n  tadioai 
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niiraie  qf  baryta  is  poured  in  the  nUrie  acid  solution  of  the  salt. 

If  a  white  insoluble  precipitate  is  produced,  the  acid  of  tlie 
compound  is  sulphuric  acid,  which  cannot  exist  in  the  com- 
poimd  except  in  the  state  of  a  basic  salt.  I  have  ahready  said, 
that  when  the  substance  under  examination  is  a  combination  of 
suipluu,  and  is  treated  by  nitric  acid  or  aqua  regia,  the  acid 
solution  contains  sulphuric  acid. 

When  the  preceding  experiments  have  failed  in  detecting  the 
acid,  then  the  compound  must  contain  phosphoric  acid.  Its 
presence  especially  in  insoluble  combinations  is  more  difficult 
^to  lind  out  tlian  that  of  all  other  acids,  in  consequence  of 
which  a  variety  of  experiments  is  always  required  to  demon- 
strate it. 

^  If  the  compound  contains  a  metallic  oxyde,  which  can  be 
precipitated  either  from  its  acid  solution  hy  sulphuretted  hydro- 
gen, or  from  its  solution  saturated  or  supersaturated  with 
ammonia  by  hydratulphuret  qf  ammonia,  and  is  consequently 
one  of  those  from  No.  15  to  25,  or  from  No.  9  to  14;  this 
oxyde  is  to  })e  precipitated  from  its  solution  by  sulphuretted 
hydrogen^  or  by  hydrosulphuret  of  ammonia,  and  the  presence 
of  PHOSPHORIC  ACID  in  the  liquor  filtered  from  the  precipitates 
so  obtained  may  be  shown  in  the  manner  described  (page  268). 
If  PHosnioRic  ACID  be  combined  with  an  earth,  its  presence  is 
still  more  dilhcult  to  detect.  When  this  earth  is  baryta, 
sinmtia,  Hme,  or  magnesia,  after  having  positively  ascertained 
that  this  compound  contains  no  arsenic  or  boracic  add,  the 
operator  is  justified  in  coiicludinf?  that  phosphoric  acid  is 
present  if  the  muriatic  acid  solution  yields  a  white  precipitate 
with  ammonia^  provided  it  has  been  ascertained  beforehand 
that  it  contains  no  metallic  oxyde  susceptible  of  being  preci- 
pitated by  sulphuretted  hydrogen  or  by  hydrosulphuret  of 
ammonia  (page  264). 

*  The  most  difficult  case  for  the  detection  of  phosphoric  add  is 
when  it  is  combined  with  alumina^  because  phosphate  of  alumina 
behaves  with  most  re-agents  like  pure  alumina  (page  44).  To 
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detect  PHOSPHORIC  acid  in  phosphate  qf  alumina,  proceed  as  has 
been  said  (page  265)'. 

*  The  operator  should  never  omit  testing  for  phosphoric  add 

by  the  blow-pipe,  according  to  the  process  set  forth  (page  270). 

*  Dr.  FreaeniuB  directs  phosphate  of  alumina  to  be  cUasolTod  in  a  Bmall  quantitjr  of 
mwiatie  add,  and  mixed  with  a  radier  large  proporticii  of  tartarie  add,  and  tiieo  to 
•openatonle  flw  whole  with  ammonia.   The  pteaenee  of  tartaiie  add  prarenta 

phosphate  of  alumina  from  bdng  precipitated  by  ammoniA  ;  and  if  a  aolntioil  of 
anlphate  of  magneeiay  or  other  8olul)lc  salt  of  magnesia,  be  added,  a  ptedpitate  la 
pvoduoed,  whidi  ia  amrnonio-phoaphate  of  magneda.— £d. 
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CHAPTER  VU. 

COURSE  OF  TE£  QUALITATIVE  ANALYSIS  OF  COMBI- 
NATIONS  WHICH  ARB  ALTOGETHER  INSOLUBLE,  OR 
VERY  SPARINGLY  SOLUBLE  IN  WATER  AND  IN 
ACIDS,  AND  WUICII  CONSIST  ONLY  OF  A  BASE 
COMBINED  WITH  AN  ACID,  OR  OF  A  METAL  COM- 
BINEB  WITH  A  NON-METALLIO  BODY,  THE  OONSTI- 
TUENT  PARTS  BEING  AMONG  THE  SUBSTANCES  IN 
THE  LIST,  (pageG22}. 


To  the  combinations  which  ajre  inaolnble^  or  very  sparingly 
soluble  in  muriatic  acid,  niiric  acid,  and  even  aqua  regia,  the  fol- 
lowing substances  only  belong,  namely : — Sulphate  of  baryta, 

SULPHATE  or  STBQNIIA,  SULPHATE  OF  LIMK,  SULPHATE  OP  LEAD^ 

CHLORIDE  OP  SILVER,  and  several  acid  phosphates  and  acid 
AR8BNIATB8,  after  having  been  strongly  caldned. 

With  respect  to  the  latter  they  can  only  be  decomposed  by 
boiling  them  with  concentrated  sulphuric  acid,  they  then 
become  soluble  in  water,  provided  their  base  is  not  baryta, 
stranUa,  Hme,  or  oa^i/de  of  lead.  They  may  be  recognised  by 
treatment  before  the  blow-pipe,  in  order  to  ascertain  whether 
they  contain  arsenic  acid  or  phosphoric  aciHj  the  first  of 
which  is>  however,  more  easily  detected  than  the  second. 

With  respect  to  the  other  combinations,  they  are  all  of  a 
white  colour  except  chloride  of  silver,  which  may  often  acquire 
a  greyish-black,  and  after  fusion,  a  yellowish  colour.  Chloride 
OP  SILVER  and  sulphate  op  lead  may  be  distinguished  from 
SULPHATE  OP  lime,  of  STRONTIA,  and  of  RARTTA,  becRHse  they 
^chloi  ide  of  silver  and  sulphate  of  lead)  turu  black  when  hydro- 
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sulphuret  of  ammonia  is  poured  upou  them,  especially  if  reduced 
into  small  lumps  [or  in  powder],  and  all  these  substances  may 
be  distinguished  from  each  other  as  follows : 

A  small  portion  of  the  combination  under  CTaminatinn 
is  to  be  ticutlv  heated  in  a  small  tube  closed  at  one  end 
over  a  small  spirit-lamp.  If  it  readily  fuses,  it  is  culokidl 
OP  If  it  undergoes  no  change,  it  is  sulfhatb  op 

LEAD.  But  in  order  to  render  this  proof  oonclnsiTey  the 
substance  should  be  tried  before  the  Wow-pipe,  by  wbidi 
means  the  presence  of  silver  or  of  lead  may  be  easily  recognised 
(pages  100,  131). 

If  the  substance  when  treated  by  kif4romi^pk»et  ammoma 
has  undergone  no  diange,  then  the  base  is  either  lime, 
STRONTIA,  or  BARYTA  combiiicd  with  sLLFHLRic  ACID.  Tbesc 
three  bases  are  somewhat  more  diiiicult  to  distinguish  from 
each  other.  The  substance  should  be  reduced  to  powder,  and 
boOed  with  water,  filtered,  and  the  filtered  liquid  is  diyided  into 
two  portions.  To  one  of  these  portions  a  solution  oi  chloride  of 
barium  is  added,  and  into  the  other  portion  a  solution  of  an 
oxalate.  If  a  white  precipitate  is  formed  in  both  portions,  and 
that  of  the  first  })ortion  ia  insoluble  in  adds,  then  the  anbatanee 

is  SULPIIAIL  ui  LIME. 

K  nothing  of  the  substance  has  dissolved  by  boiling  with 
water,  it  is  to  be  boiled  (in  the  pulverised  state)  with  a  solution 
of  carbonate  of  potash  or  qf  soda ;  the  liquid  portion  is  to  be 
filtered  and  then  supersaturated  with  nuu  iutie  acid,  and,  afler 
dilution  with  water,  chloride  qf  barium  is  added.  If  an  inso- 
luble precipitate  is  then  produced  the  combination  is  svlphate 
OF  STRONTIA  or  SULPHATE  OP  BARYTA.  To  distinguish  thcse 
two  saltjs  from  each  other  niKridtic  acid  must  be  poui'cd  upon 
the  insoluble  part  of  the  solution  with  carbonate  of  potash  or  of 
soda in  order  to  dissolve  it ;  and  after  filtering,  washing,  and 
evaporating  the  filtered  liquor  to  dryness,  alcohol  ia  to  he 

>  Thb  insolable  partioa  ia  csiboiiate  of  or  of  strantia,  prodaeed  lij  the 

exehaiige  of  bMO  of  the  i«boinie  of  wds,  witii  wliich  tlM 
Btrontis,  hag  hoen  boiled  m  shove.— E». 
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poured  upon  the  residuum  and  inflamed.  If  it  bums  with  a 
carmine-red  flame^  the  substance  is  sulphatb  of  steontia.  If 
not^  it  is  SULPHATE  OP  BAETTA.  The  operator  may  also  test 

the  filtered  liquid  just  spuken  of  by  hydrofluosUicic  acid.  If  a 
precipitate  is  formed  after  a  time^  it  is  owing  to  the  presence  of 
BAEYTA.   In  the  oontraiy  case^  the  substance  under  examination 

is  SULPBATB  OP  STEONTIA. 
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CHAFTEli  VIIL 

COURSE  OF  THE  QUALITATIVE  ANALYSIS  OF  MIXED 

COMPOUNDS  WHICH  are  very  soluble  in  water, 

AND  TH£  CONSTITUENTS  OF  WHICH  BBLONG  TO 
THOSE  IN  THB  LIST,  (page  622). 


*  Thb  qualitatiye  analysis  of  compounds,  which  contain 
several  constituents,  is  much  more  difficult  than  that  of  simple 
compounds.    It  is  ahsolutely  necessaxy  in  such  cases  to  adopt 
a  systematic  order  in  the  different  operations  which  snch  an 
analysis  requires,  because  otherwise  the  operator  would  be 
exposed  to  overlook  one  or  several  of  the  constituents  of  the 
substances.    It  would  he  very  difficult  to  indicate  a  method  of 
proceeding  for  analysing  qualitatively  oomhinationa  aapposed 
to  contain  aU  the  substances  which  have  hitherto  been  disco- 
vered.   Such  instructions,  however,  even  if  given,  would  prore 
of  no  practical  value,  hecause  the  description  of  the  processes 
required  would  be  too  long  and  deficient  in  clearness,  aud  thus 
confuse  and  dishearten  the  beginner.   I  have  thought  it  best, 
therefore  to  take  into  consideration  at  first  those  constituents 
only  which  are  of  most  frequent  occurrence,  after  which  I  \»'ill 
show  how  by  following  an  analogous  course  the  rare  substances 
may  likewise  be  detected. 

*  For  these  reasons,  I  have  in  the  three  foUowintg  chapters, 
supposed  that  the  compound  to  be  examined  contains  only  the 
substances  of  the  list  (page  62^). 

*  The  analysis  of  mixed  compounds  is  much  less  difficult 
when  they  are  completely  and  easily  soluble  in  water  than 
when  only  partially  soluble,  or  altogether  insoluble  iu  this 
menstruum. 
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*  In  these  cases  the  use  of  the  blow-pipe  becomes  very 
advantageous  tor  the  detection  of  such  substances  as  produce 
reac^ons  of  a  characteristic  nature  with  this  instrument. 

^  I  have  ahready  said  (page  624)  that  all  the  substances 
which  I  have  enumerated,  cannot  exist  at  the  same  time  in  tlie 
combinations  which  are  soluble  in  water.  Thus,  for  example, 
in  presence  of  the  earths  and  of  the  hstallic  oxydes,  pro- 
perly so  called,  that  is  to  say,  from  No.  4  to  25,  phosphoric, 
ARSENIC,  DORACK,  uud  CAUBOMC  ACIDS,  ciuinot  cxist ;  uud  vice 
verm,  these  earths  and  metallic  oxvdes  cannot  exist  in  the 
presence  of  these  four  acidsi  since  the  salts  which  result  from 
their  mutual  combinations  are  not  soluble  in  water,  and  require 
the  presence  of  a  free  acid  for  their  solution.  Sulphur  like- 
wise forms  with  the  metals  of  most  of  these  bases  compounds 
which  are  insoluble  in  water.  I  have  said  that  sulphuric 
ACID  produces  insoluble  compounds  with  some  bases,  and 
CHLORTNB  wlth  the  mctals  of  certain  bases. 

*  AVlieu  tlic  analyst  has  reason  to  think  that  the  substance 
to  ))e  examined  contains  a  |preat  number  of  constituents,  it  is 
advisable,  if  possible,  to  operate  upon  larger  quantities  than  in 
the  case  of  mere  simple  compounds.  By  treating  a  portion  of 
the  solution,  as  will  be  shown  hereafter,  by  solution  of  sulphu- 
retted hydi'ogen,  so  much  liquid  is  sometimes  obtained  that,  test 
glasses  being  too  small,  ordinary  classes  must  be  employed. 

1.  METHOD  OF  PROCEEDING  TO  DETECT  THE  BASE. 

A.  The  concentrated  aqueous  solution  of  the  salt  is  to  be 
acidified  a  little,  for  which  purpose  muriatic  aeld  is  best.  It  is 
only  when  the  compound  contains  oxyde  of  silvery  mhoryde  of 
mercury,  or  a  great  quantity  of  oxyde  of  lead  (which  may  be 
perceived  by  the  white  precipitate  which  a  few  drops  of  muriatic 
acid  will  produce)  that  dilute  niirie  acid  is  substituted.  Sul- 
phuretted hydrogen  \a  now  added  to  the  solution  in  sufiBcient 
quantity  to  make  it  smell  strongly  of  the  gas.  If  a  ppccipitate 
is  produced,  especially  by  heating  the  whole,  the  bases  are 
those  from  No.  15  to  25,  that  is  to  say,  the  compound  may 
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contain  oztde  of  cadiiiuu,  oxtde  ov  lbad^  oztdb  of  bismuth, 

PROTOXYDU  Ol    COPPER,  OXYDB  OF  BILVSft,  8UBOZTDB  OF  MBB- 
CU&Y^  PROTOXYDE  OF  MERCURY,  OXVDE  OF  HOLD,  PROTOXYDE  Ol 
TIN^  PBEOXYBB  OF  TIN^  Wod  OXYJ>B  OF  AHiTlMONY.     The  COm- 

ponnd  may  also  oonttin  pbroztdb  of  iron  wlien  that  ozyde  exiitt 

iu  the  acid  solution,  in  which  case  the  addition  of  solphnretted 
hydrogen  gas  precipitates  sulpluir.  If  a  milky  white  pixcii^itat^ 
of  sulphur  is  fonned  in  the  add  Bolution^  pe&oxyds  of  ikom 
alone  is  present.  If  the  compound  contains  aesbhic  acid,  the 
flohition  of  sulphuretted  hydrogen  produces  a  yellow  prodpitate, 
if  not  immediately,  at  least  after  some  time ;  but  I  have  alrcadr 
said,  that  in  presence  of  arsenic  acid  in  a  combination  which  is 
soluble  in  water,  no  metallic  oxydes  can  exist,  and  therefore  the 
base  must  be  an  alkali.  If  the  acidified  solution  of  the  ocmd- 
pound  yields  after  some  time,  ^\  licn  heated  with  sulphuretted 
hydrogen  water,  a  yellow  precipitate  soluble  in  hydrosulphuret 
of  ammonia,  the  presence  of  arsenic  add,  and  consequently,  if 
the  combinations  be  neutral,  the  absence  of  metallic  oxydes, 
properly  so  calkMl,  and  of  earths,  may  be  regarded  as  certain. 

The  precipitate  produced  by  sulphuretted  hydrogen  is  allowed 
to  settle,  and  the  supernatant  Uquid  is  poured  off  as  completelT 
as  possible,  after  which  ammonia  is  poured  on  the  precipitate, 
and  then  an  excess  of  hydromlphuret  of  aimnonia,  luid  a  jrentle 
heat  is  to  be  applied,  but  without  boiling.  If  the  precipitate 
redissdves  completely  in  this  re-agent,  the  combination  may 
contain  oxydb  of  gold,  frotoxtdb  of  tin,  fbeoxydb  of  tik, 

and  OXVDE  of  AMiMONV'. 

The  solution  in  hydromiphuret  of  ammonia  is  now  to  be  diluted 
with  water  and  decomposed  by  diluted  munaHe  add  \  The  dis* 
solved  sulphurets  are  thereby  predpitated  with  the  charactenstie 

*  It  is  neeeMHry  to  pom*  on  the  jiocipitata  »  grest  oxew  of  hydroimlphnrwi  oC 
Mnmonia,  and  to  leave  the  whole  to  digeet  for  about  fiftetm  or  twenty  minotes ;  for 
eonw  of  these  bsses  (for  eximpte,  pvotoxydc  of  tin)  when  thus  eonTcrted  into 

8ulphurets4*c(iuire  a  very  Inrpc  excess  of  hydrosulphuret,  and  some  time  for  their 
sohition.  It  is  alnn  iiiipfiriaiit  not  to  forget  to  Dootrsliae  the  precipitftto  with 
auimonia  befurt*  a<Uling  the  hytlro>ul]>luirt  t. — Ed. 

*  No  more  muriatic  acid  need  be  added  tiiaii  will  render  the  solution  acid. — Ed. 


.  ^  1^  d  by  GoogI 


OF  QUALITATIVE  ANALYSIS. 


651 


colour,  but  mixed  with  sulphur  in  oon8C(|iience  of  the  decom- 
position ot  the  hydrosulphuret  of  ammonia,  ii  circumstance 
which  gives  a  paler  tinge  to  the  precipitated  sulphuret.  If, 
however^  the  combination  consists  of  several  oxydm,  the  metallic 
aulphurets  of  which  are  solnhle  in  hydrosulphuret  of  ammonia^ 
they  can  be  distinguiBhed  from  each  other  in  the  following 

mauiicr : 

OxYDE  OF  GOLD  is  caslly  recognised  by  the  production  of  a 
purple  colour^  when,  after  haying  diluted  the  original  solution 
of  the  combination  with  a  large  quantity  of  water,  it  is  mixed 
with  a  few  drops  of  protoekhride  of  tin  previously  rendered  dear 

by  the  addition  of  free  muriatic  acid  (page  170).  The  presence 
of  gold  may  also* be  recognised  by  testing  the  original  solution 
with  protonUpkate  cfiron,  by  which  metallic  gold  is  thrown  down 
in  the  state  of  a  brown  precipitate, 

Pbotoxydb  or  tin  is  recognised,  because  in  many  cases  the 
combination,  upon  being  diluted  with  a  large  quantity  of  water, 
yields  a  milky  solution ;  but  principally  because,  after  diluting 
the  original  solution  with  a  very  large  quantity  of  water,  the 
addition  of  a  dilute  solution  of  chloride  of  gold  produces  a 
purple  colour*. 

Peroxyde  of  tin  and  oxyde  op  antimony  are  more  difficult 
to  detect  when  accompanied  by  other  metallic  oxydes,  the 

'  Fteloaslts  of  tin  caonoi  slways  tie  deteeted  in  mixed  compounds  lij  pctdUorido 
of  gold,  and  vioe  vonA.  U,  for  ezomple,  die  origimd  eolnto  of  tlw  compound 
OOateina  »t  the  same  time  a  prototalt  of  iron,  and  a  prototalt  of  tin,  testing  it  with 
perehloride  of  goM  will  be  of  no  avail,  since  protoxydc  of  iron  gives  a  blue  or  a 
brown  procipitiite,  or  a  purple  one,  according  to  the  state  of  dilution,  with  perehloride 
of  gold,  and  the  like  reaction  in  al*.>  produced  with  protoxyde  of  tin  ;  it  ia  therefore 
ittpoiwMff  to  detect  the  presence  of  protoxide  of  tin  b^  teuting  with  poroUoiiide  of 
goU,  if  e  protoealt  of  iron  exiflts  ftt  the  aame  time  in  the  aohitioiL.  The  same  insd- 
▼ortenee  hea  hnpfieiwd  to  Dr.  Freeenfau  sad  to  M.  FSrnel  in  their  ezoeOent  worlw 
on  diemical  analysis,  both  recommending,  lilce  H.  Rom,  to  test  the  original  aohition 
witli  perchlorUlc  of  yold.  But  since  tlic  precipitate  formed  by  that  re-agent  in 
solutions  of  protosalts  of  iron  and  of  tin,  when  existing  simultaneously  in  the  dissolved 
state,  is  not  chai-aeteristie  of  either  mvUi\  ;  {K-rchloride  of  goM  cannot  be  said  to  be 
tliL'  appropriate  test,  if  these  two  compounds  only  exist  in  Uie  solution,  sulphuretted 
hydrogen  will  at  onoe  precipitate  the  tin  in  the  state  of  a  dark  brown  Bulphuret,  and 
win  leave  the  protoealt  of  hroo  untouched ;  bnt  we  are  speaking  here  of  mixed 
eompoonda^  ooatahung,  for  example,  pnUu^fde  Hm,  protoc^fde  of  inm>  and  prot- 
oxifde^mUimonif.  We  have  giren  further  on,  the  metos  of  qualitatively  determining 
Bodi  oompoundflL — En. 
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metallic  sulphurets  of  which  are  soluble  in  hydroaulphuret  of 
ammonia.   Their  preaenoe  can  be  best  demonstrated  by  the 

behaviour  of  the  sulphnrets  formed  before  the  blow-pipe.  Tlie 
presence  of  ox  yde  of  antimony  may  aho  be  detected,  because 
the  mui'iatic  solutiou  of  the  combination  becomes  milky  by 
addition  of  a  large  quantity  of  water when  the  solution  does 
not  contain  too  much  free  acid.  If ^  on  the  contrary,  only  one  of 
these  oxydes  is  present,  nnaccompanied  by  any  oxyde  of  other 
metals,  the  sulphnret  of  which  is  soluble  in  hydrosulphuret  of 
ammonia,  it  is  recoguised  principally  by  the  characteristic  colour 
of  the  sulphurets. 

When  the  precipitate  produced  in  the  add  liquor  by  solution 
of  sufyhuretted  hydrogen  is  not  completely  dissolved  by  hydro- 
sulphuret of  ammonia,  or  is  altogether  insoluble  in  it,  the  com- 
bioation  may  contain  oxyd£  of  cadmium,  raoToxYns  of  l£ad, 

OXYDE  OP  BISMUTH,  PItOTOZYnB  OF  COPFBB,  OXTDB  OF  SILTBB, 
SUBOZTDB  OF  MBBCUBT,  and  FBOTOZYDB  OF  MBBCVBY.  That 

the  precipitate  produced  by  sulphuretted  hydrogen  is  insoluble 

in  hydrosulphuret  of  ammonia,  is  ascertiiiucd,  because  idter 
digestioii  ot"  the  precipitate  in  the  re-agent,  and  dilution  with 
water,  an  excess  of  muriatic  add  poured  in  the  liquor  filtered 
from  the  insoluble  redduum  produces  no  milkiness  or  turbidness 
of  liberated  sulphur,  and  does  not  precipitate  a  metallic  sul* 
phurct.  Or  the  following  method  is  still  more  easy :  after  iligestiou 
in  hydrosulphuret  of  ammonia,  put  a  few  drops  of  the  filtered 
liquid  upon  a  strip  of  platinum  foil,  and  evaporate  to  dryness  by 
means  of  the  spirit-lamp,  and  if  after  heating  the  foil  to  redness 
no  redduum  is  left,  then  the  re-agent  has  not  dissolved  anything. 

Th('  precipitated  metallic  sulphuret  is  gathered  upon  the 
suialle?>t  possible  hlter,  and  well  washed,  after  which  it  is  treated 
with  piu*e  nitric  acid.  Generally  it  is  not  necessary  in  qualitative 
analyds  to  separate  the  prodpitate  from  the  filter,  and  it  may  be 
digested  along  with  the  filter  and  the  nitric  add  in  a  test  glass ; 
*  but  when  the  quantity  of  the  precipitate  is  considerable,  it  is 
better  to  remove  it  from  the  filter  with  a  blade  of  platinum,  aud 

'  Ho  does  solutiou  of  protoxide  of  tin. — Eo. 
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dif^^cst  it  in  nitric  acid  without  the  paper.  Metallic  sulphurets 
are  decomposed  l)y  nitric  acid  with  the  lielp  of  heat ;  the  metal 
beocming  oxydiaed  dissolveB,  and  sulphur  is  separated,  and  after 
a  prolonged  digestion  it  appears  with  its  characteristic  yellow 
colour.  When  this  has  taken  place,  the  liquor  is  filtered  to 
separate  it  from  the  undissolved  sul[)]iur*. 

Sulphuret  of  mercury,  however,  is  an  exception.  It  is  almost 
inscduble  in  nitric  add,  except  it  be  very  strong.  This  sulphuret 
remains  undiBsolved,  with  its  peculiar  colour,  which  in  this  case 
is  black.  It  should  then  be  tested  before  the  blow-pipe,  by 
which  means  the  presence  of  mercury  may  be  very  easily  recog- 
nised, and  which  may  exist  in  the  solution  of  the  compound  in 
the  state  of  suboxyde,  or  of  protoxyde  of  mercury.  1£  it  exists 
in  the  compound  in  the  state  of  protoxyde,  the  sulphuret 
obtained  by  treatment  with  sulphuretted  hydrogen  sublimes 
without  decomposition  or  change,  when  heated  in  a  small  tube 
closed  at  one  end.  If  it  be  in  the  state  of  suboxyde,  the  sublimed 
sulphuret  is  mingled  with  globules  of  metallic  mercmy. 

Besides  wu^pkur  and  sulphuret  of  mercury,  a  small  quantity  of 
sulphate  of  lead  may  also  remain  undissolved  if  the  compound 
contained  protoxyde  of  lead,  which  will  have  precipitated  with 
the  other  sulphurets  in  the  state  of  snlpliuret  of  lead.  But  the 
greatest  part  of  the  protoxyde  of  lead  is  always  dissolved  by  the 
nitric  add. 

When  an  excess  of  ammonia  being  poured  in  the  liquid  filtered 
from  the  sulphur  communicates  a  blue  colour  to  the  solution,  it 
indicates  the  presence  of  pkotoxyde  of  coFP£a. 

If  a  little  mwnoHe  acid  being  added  to  another  portion  of  the 
liquor  produces  a  white  predpitate  which  does  not  disappear  by 
dilution  ^vith  a  large  quantity  of  water,  but  which  is  soluble  in 
ammonia,  the  combination  contains  oxyde  of  silver,  which, 
however,  may  be  ascertained  at  the  beginning  of  the  analysis  by 
testing  the  original  solution  with  muriatic  add,  which  will  have 
produced  a  white  predpitate. 

1  SliiTiiig  tfie  BUMS  ^MUt  boOing  pKoauAm  Hm  wlutioii,  and  pwvtnta  spirting.— 
Ed. 
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Dilate  tu^i^hmrie  acid  is  added  to  another  portion  of  the  Uquat 
diluted  with  water ;  if  a  white  precipitate  is  thereby  determiiied, 

the  combination  contained  protoxyde  of  lead,  the  presence  of 
which  iu  concentrated  solutions  will  likewise  have  been  recosr- 
nised  from  the  beginning  by  the  formation  of  a  white  precipitate 
upon  adding  muriatic  add. 

Another  portion  of  the  liquid  is  evaporated  in  a  very  small 
porcelain  dish^  so  as  to  dissipate  the  greatest  part  of  the  nitric 
add*,  a  few  drops  of  mniiatic  add  are  now  added«  and  then  s 
large  quantity  of  water.  If  a  white  predpitate  is  prodooed,  the 
combination  contained  oxTnv  ov  BTSVirra. 

The  presence  of  oxyde  of  c  ao.mii  m  in  the  combination  is 
recognised  by  mixing  the  precipitated  metalUc  sulphurets  with 
sodsy  and  heating  upon  charooal  in  the  interior  flame  of  the 
blow-pipe.  A  brown  coating  is  then  observed,  which  must  net 
be  confounded  with  that  produced  by  the  combinations  of  lea<i, 
and  of  l)lsmuth,  when  treated  in  the  same  manner  (page  95) 

B.  The  liquid  separated  from  the  metallic  sulphurets  which 
were  precipitated  from  the  addified  solution  of  the  oomponnd 
by  sulphuretted  hydrogen,  is  treated  as  if  sulphuretted  hydrogen 
liad  ])rodueed  no  precipitate  in  this  acid  liquor.  The  first  step 
to  be  taken,  however,  consists  in  examining  whether  it  still 
contains  any  fixed  bases.  For  this  purpose  a  few  drops  of  it 
are  evaporated  upon  a  strip  of  platinum  foil  heated  to  redness.  If 
nothing  remains,  the  liquor  contains  no  fixed  bases  ;  if,  on  the 
contrary,  a  residuum  is  left,  the  examination  of  the  liquid  mnst 

*  Tlie  nitric  ftcid  nmst  V>c  cvaporat<»d  as  much  as  possible,  because  the  ncnitnl  or 
Kisic  salts  of  bi«mnth  only  are  insolu!)lr,  Imt  tin  y  dissolvo  rradily  in  an  excef? 
acid.    In  a  solution  too  acid  or  not  sufiicicnti^'  evaporatod,  nu  niiikineaa  is  prodnce^ 
by  addition  of  water. — Ed. 

'  Tlie  difference  of  behaviour  of  the  combinations  of  lead,  bismuth,  and  cadmium, 
nixed  wMi  tods  tqpon  diaamiMl  befoM  tiw  Mow-pipe,  may  be  eeen  at  eoe  ffaaet, 
thlls^— 

Lesd.— GhaMoel  is  oofend  with  tfdhu  eoaikig  tuSfy  vedueed  imo  meUOk 

had  which  bwj  he^Aattetud  tmder  the  hammer. 
Biimii|fa.^ChareoaI  covered  with  yeUow  toaimg  ndooible  into  hmIbBic  la> 

muth,  hrltfh  under  the  hammer. 
Cadmium. — Ciuircoal  covered  with  rwUM-itnjvn  coating  caimU  be  redmcti 
into  Uu  metaUk  $tak. 
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be  continued.  With  this  view  the  acidified  solutioTi  is  super- 
saturated  with  ammonia,  and  hydrosulphurct  of  ammonia  is 
added  to  the  ammoiiiacal  liquor.  If  a  precipitate  is  formed^  it 
is  owing  to  the  presence  of  feboxtdb  of  ibon,  protoxydb  of 

IKON,  OXYDB  OF  NICKBL,  OXYDB  OF  COBALT^  OXTDB  OF  ZINC, 

PROTOXYDE  OF  MANGANESE,  and  ALUMINA. 

Tlie  precipitate  obtained  is  filtered  and  washed  with  water,  to 
which  a  few  drops  of  hydrosulphnret  of  ammonia  have  been 
added^  and  digested  together  with  the  filter  with  a  little  dilute 
tmtriatie  acid  in  a  test  glass,  until  all  odour  of  sulphuretted 
hydrogen  lias  disappeared.  The  liquor  is  tlien  filtered  and 
heated  with  a  little  nitric  acid.  [*  It  is  not  advisable  to  treat 
the  precipitate  on  the  filter  with  nitric  add>  or  aqua  regia» 
instead  of  muriatic  acid,  because  the  action  of  these  adds  upon 
the  paper  would  introduce  an  organic  matter,  the  presence  of 
which  might  modify  the  behaviour  of  the  re-agents  towju'ds  the 
dissolved  oxydcsj .  If  the  precipitate  is  not  completely  decom- 
posed and  dissolved  by  muriatic  acid,  which  is  the  case  when 

SULFHUBBT  OF  NICRBL,  Or  8ULFHURBT  OF  COBALT,  is  prCSCUt 

amongst  the  metallic  sulphurets  precipitated  by  hydrosulphuret 

of  ammonia ;  it  is  to  be  removed  from  the  filter,  and  digested 
with  nitric  acid,  or  else  after  having  used  muiiatic  acid,  some 
nitric  add  is  further  added. 

*  In  reference  to  the  predpitation  of  oxybb  of  nickbl  by 
means  of  hydragulphuret  of  ammonia  in  qualitative  analysis,  I 
must  remark  that  sulphuret  of  nickel  is  not  completely  insoluble 
in  an  excess  of  the  re-agent,  and  the  supenintant  li(]uid  retaius 
a  slight  black  tinge  (page  81).  Yet  this  eft'ect  takes  phice  only 
when  sulphuret  of  nickel  is  predpitated  alone,  and  not  conjointly 
with  other  metallic  sulphurets,  for  in  that  case  it  is  completely 
separated  by  this  re-agent. 

An  excess  of  ammonia  is  poured  in  the  acid  liquor,  the  preci- 
pitate produced  is  collected  on  a  filter,  and  washed.  It  may 
consist  of  PSBOXYBB  OF  IBON  and  alumina  ^  If  the  predpitate 
be  white,,  it  is  alumina  alone;  if  brown,  the  two  bases  may 

» The  add  Kquor  dMndd  oontein  enough  add  to  produce  with  the  Mnmonia  m 
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exut  nmnltaneoiisly.   But  to  remove  all  doubt  m  this  respect, 

it  is  to  be  dissolved,  without  rcm()Yino:  it  from  the  filter,  by 
a  little  muriatic  acid,  filtered,  and  an  excess  of  pure  poia»h 
added.  Perozyde  of  iron  is  thereby  precipitated^  if  preeent^ 
whilst  the  alumina  is  dissolved.  Muriate  of  ammonia  may  now 
be  added  to  the  filtered  liqnor,  which  produces  a  white  preci- 
pitate, if  the  solution  contains  alumina.  The  peroxi  de  of  irox 
which  has  been  detected  may  have  existed  in  the  compound  in 
the  state  of  pbotoxtdb  op  iron.  To  ascertain  this^  solution  of 
perehhride  nf  gold  is  added  to  the  original  solntion.  If  a  brown 
powder  of  metallic  gold  is  thus  produced,  it  is  u  proof  that  the 
compound  contained  protoxyde  of  iron'. 

If  the  liquor  filtered  from  the  precipitate  produced  by 
ammonia  is  of  a  blue  colour,  the  operator  may  conclude  that  it 
contains  oxtdb  of  nickel.  If  it  is  of  a  slight  pink  colour, 
oxTDB  OF  COBALT  existcd  in  the  compound.  Besides,  oztdb 
OF  COBALT,  oven  in  the  smallest  possible  quantity,  and  tliouLrh 
mixed  witli  several  other  metallic  oxydes,  is  easily  rcc(>i:ni>ed 
before  the  blow-pipe  by  its  property  of  imparting  an  intense 
blue  colour  to  glass  of  borax  or  of  microcosmic  salt,  both  in  the 
exterior  and  in  the  interior  flame  (page  7S). 

The  ammouiacal  licpior  is  mixed  with  a  solution  of  piu*e 
potash.  If  a  light  apple-green  precipitate  is  formed,  the  com- 
bination contains  oxtoe  of  nickel.  If  the  precipitate  has 
another  colour,  and  turns  brown  by  exposure  to  the  air,  the 
combination  contains  fbotoxyde  of  manganese,  the  presence 
of  which  may  be  conclusively  proved  before  the  blow-pipe 
(page  05). 

The  liquid  filtered  from  the  precipitate  produced  by  potash  ia 
precipitated  by  hydrosulphuret  of  ammonia.  The  precipitate  is 
roasted  a  little  upon  charcoal  before  the  blow-pipe,  after  whidi 
the  presence  of  oxtde  of  cobalt,  oxtbb  of  binc,  and  prot- 

fluffioient  quatity  of  Mnmwiiaml  mU,  oiherwiw  flMynetfo,  if  pnaeiil^  would  be 
predpitatod.  If  the  solntioii  does  not  oontelD  hmmIi  Mid»  mnriato  of  ammonk 
ahoold  be  added  before  the  Mnnumia. — Eo. 

1  Same  Nnark  as  befero  if  pfotoxyde  of  tin  is  praent— Ed 
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oxTDE  or  MANOANB8B  may  be  easily  detected  by  means  of  the 

blow-pipe. 

C.  The  liquor  which  was  filtered  from  the  precipitate  produced 
by  hydrosulphuret  of  ammonia,  after  supersaturatiug  the  acid 
solution  of  the  compomid  with  ammonia,  still  remains  to  be 
examined.  For  this  pmrpose,  the  first  step  consists  in  ascer- 
taining whether  it  contains  any  fixed  bases.  This  is  done  by 
evaporating  a  few  drops  of  it  upon  platinum  foil  heated  to 
redness.  If  nothing  remains,  no  further  test  needs  be  resorted 
to  for  demonstrating  the  absence  of  fixed  bases,  since  this  ia 
suffident  proof  that  the  liquor  contains  none;  but  if  a  resi- 
duum be  left  on  the  platinum  foil,  the  liquor  may  still  contain 

MAGNESIA,  LIML,  SXaONTIA,  BARYTA,  SODA,  and  POTASH. 

The  liquor  is  then  supersaturated  with  muriatic  add,  in  order 
to  decompose  the  excess  of  hydrosulphuret  of  ammonia  which 
was  prenously  added  to  it,  and  heat  is  applied  until  all  odour 

of  sulphuretted  hydrogen  has  vanished,  and  it  is  filtered  from 
the  sulphur  which  tliis  treatment  will  have  precipitated.  An 
excess  of  solution  of  carbonate  of  ammonia  is  now  added,  and 
heat  applied  to  the  whole,  in  order  to  expel  the  firee  carbonic 

acid.    The  preeipitatc  produced  thereby  may  cousist  of  lime, 

8TR0NTIA,  and  BARYTA. 

The  predpitate  is  dissolved  in  muriatic  add,  and  a  few  drops 
of  Tery  dilute  sulphuric  add  are  added  to  the  solution,  or  better 
still,  a  somewhat  dilute  solution  of  sulphate  of  potash.   If  a 

precipitate  is  immediately  produced,  the  three  earths  may  exist 
in  tlic  liquor;  but  if  the  hquor  i^ecomes  turbid  only  after  a 
time,  it  contains  limb  only.  In  the  first  case  a  yery  slight  excess 
of  dilute  sulphuric  add  is  added  to  a  portion  of  the  liquor,  the 
whole  is  heated,  and  the  precipitate  is  separated  by  filtering. 
The  filtered  liquid  is  now  to  he  slightly  supersaturated  with 
omiNonta,  and  then  a  solution  of  oxaUc  acid  or  of  an  oxalate  is 
added.  If  a  white  predpitate  is  obtained  after  a  little  time,  it 
is  a  sign  of  the  presence  of  lime  ;  but  if  no  predpitate  is  fimned, 
the  absence  of  this  earth  may  be  looked  upon  as  certain. 
The  predpitate  produced  by  sulphuric  acid  may  contain 

u  u 
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BAKYTA  and  STRONTi/L,  eltlicr  separately,  jointly,  or  even  mixed 
with  LiMS^  if  the  presence  of  the  latter  earth  has  been  detected 
in  the  filtered  Hqnor. 

*  la  order  to  ascertain  this,  hydrofluoiUieie  acid  must  he 
poured  in  another  portion  of  tlic  muriatic  acid  solution  of  tlie 
earthfl.  If  after  some  time  a  precipitate  is  produoedj  it  is  a 
sign  of  the  presence  of  baryta.  This  precipitate  most  be  aepe- 
rated  by  filtering,  and  iufythaie  of  potash  is  added  to  the  liqiior 
filtered  therefrom.  If  a  precipitate  is  produced,  it  is  ;i  pra^f 
thatj  besides  baryta^  it  contained  likewise  «/rof»/ta  either  alone  or 
mixed  with  limb. 

♦  Another  tmstworthy  method  for  the  detemunatioii  of  the 
precipitate  of  the  alkaline  earths  produced  by  carbonate  of 
ammonia  is  the  following : — The  precipitate  is  dissolved  in 
muriatic  add  and  solution  of  sulphats  of  limb  is  added  to  the 
liquor.  If  no  tnrbidness  appears,  even  after  a  long  time^  the 
precipitate  contained  lime  only,  the  presence  of  which  may  he 
imuiediiitcly  recognised  by  means  of  other  rc-agcnts  poured  m 
fresh,  portions  of  the  liquid.  If  the  solution  of  sulphate  o/  lim 
produces  a  precipitate,  the  three  earths  may  exist  in  the  mnriatie 
acid  solution;  if  a  precipitate  appears  immediately,  the  pre- 
sence of  BARYTA  is  probsblc;  and  if  it  appear  only  after  % 
time,  the  presence  of  strontia  may  be  suspected.  Hydro- 
fluosilicie  acid  being  added  to  a  portion  of  the  muriatic  add 
solution  demonstrates  condusiTely  the  presence  or  absence 
of  BAEYTA ;  should,  howcYcr,  this  earth  be  present,  the  fiqoid 
is  to  be  filtered  from  the  silicifluoridc  of  bai'ium  (after  having 
given  the  precipitate  the  time  necessary  for  its  complete  depo- 
sition), or  if  absent,  the  liquor  itself  must  be  en^Mxrated  to 
dryness  after  addition  of  sulphuric  add ;  the  enqporation  mud 
be  carried  on  towards  the  end  in  a  platinum  cmdble.  The  dir 
mass  is  then  treated  by  water  and  left  for  a  long  time  in  contact 
with  it  and  then  filtered.  If  the  addition  of  the  solution  of  an 
aikaUne  oxalate  produces  a  predpitate  in  the  filtered  liquor,  and 
if  chloride  of  barium  (supposing  that  the  excess  of  sulphuric  add 
has  been  entirely  expelled  from  the  dry  mass)  being  added  to 
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another  portion  of  the  same  liquor,  produces  Ukevise  a  preci- 
pitate, the  combination  contained  strontia  and  lime;  the 

abscuce  of  which  is  demonstrated  when  both  the  oxalates  of 
alkalies  and  chloride  of  barium  £eu1  in  producing  a  precipitate  in 
the  filtered  liquor. 

After  the  precipitation  of  the  limb,  or  strontia,  or  baryta, 
by  carbonate  of  ammonia,  the  liquor  filtered  from  the  precipitate 
may  still  contain  magnesia,  soda,  or  potash. 

*  This  may  also  be  tlie  case  e\en  thoiijfh  the  solution  of 
carbonate  of  ammonia  may  have  produced,  no  precipitate  in  the 
muriatic  acid  solutioiL 

In  the  first  case  the  operator  must  not  omit  to  evaporate  to 
dryness  upon  a  platinum  foil  a  few  drops  of  the  liquor  which 
has  been  filtered  from  tlic  eartliy  carbonates,  and  to  heat  the 
platinum  foil  to  redness  in  order  to  {isccrtain  whether  a  fixed 
residuum  is  left ;  for  if  nothing  remains,  it  is  useless  to  look  for 
more  fixed  bases. 

*  On  this  occasion  it  is  well  to  remark,  that  when  the  filtered 
liquor  contains  only  alkalies  in  tlic  state  of  metallic  chlorides,  if 
the  operator  does  not  proceed  with  due  care  in  evaporating  the 
few  drops  of  the  liquor,  as  just  said,  the  minute  quantity  of 
chlorides  of  alkalies  in  these  drops  may  be  easily  Tolatitised; 
which  is  less  liable  to  take  place  when  a  certain  quantity  of  the 
liquor  is  evaporated  in  a  platinum  cnici})le,  and  heating  it  to 
redness  towards  the  end,  the  crucible  being  half  covered  over 

The  presence  of  the  two  fixed  alkalies  and  of  magnesia 
may  be  ascertained  by  pouring  solution  of  phosphate  qf  soda  in 
a  portion  of  the  liquor.  If  this  re-agent  produces,  alter  some 
time,  a  white  precipitate,  it  is  a  proof  of  the  presence  of  magnesia, 
but  POTASH  and  soda  may  also  exist  simultaneously  with  this 
alkaline  earth  in  the  liquor. 

*  If  there  be  no  magnesia,  and  consequently  if  no  precipitate 
is  produced,  another  portion  of  the  liquor,  in  which  no  phosphate 

1  It  i>  therefon  advililitet  fint  to  eoncentrate  a  portion  of  the  liquid,  and  than  to 
take  from  that  concentrated  portion  m  few  drops  which  m  •fterwaide  evapo- 
ntod  on  plAtiniim  foil  or  in  »  erneible,  as  dixected. — Ed. 
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of  soda  has  been  added^  must  be  evaporated  to  dryness^  and  the 
xesiduam  heated  to  redness  in  a  platinmn  cnicible  until  all 
ammoniacal  salts  are  volatiHsed ;  then  the  greatest  portion^  but 
not  all^  of  the  calcined  residuum  is  dtssolved  in  a  very  small 
quantity  of  water,  a  little  alcohol  is  added  to  the  liquor,  and  then 
a  Uttle  alcohohc  solution  of  chloride  of  platinum.  If  a  yellow  pre- 
cipitate is  produced,  it  is  a  proof  that  the  combination  contained 
FOTA8H  ;  but  if  no  precipitate  is  formed^  then  soda  must  be  pie- 
sent,  provided  the  absence  of  magnbsia  has  been  asoertained, 
and  provided,  of  course,  that  it  has  been  proved  that  the  liquor 
filtered  from  the  earth v  carbouates  contains  still  a  fixed  eon- 
stituent.  The  presence  of  socU^  is,  however,  very  easily  detected, 
even  when  the  quantity  of  potash  is  much  more  considerable 
than  that  of  the  soda^  by  examining  a  portion  of  the  calcined 
residuum  before  the  bhw^pipe  upon  a  platuinm  wire.  If  the 
exterior  flame  has  a  N-iolet  colour,  potash  only  is  present,  but  if 
it  becomes  intensely  yellow,  soda  is  present  either  alone  or  con- 
jointly with  POTASH ;  the  existence  of  the  latter,  however,  baa 
abeady  been  demonstrated  by  treatment  with  chhnde  ^ 
phttimm.  We  have  said  on  a  former  occasion  (page  13),  that 
in  cci*tain  cases  the  platinum  wire  alone  may  communicate  a 
feeble  yellow  tinge  to  the  flame. 

Ify  however,  the  liquor  filtered  from  the  earthy  carbonates 
really  contains  maonssia,  which  may  be  easily  ascertained  by 
means  of  a  solution  of  phosphate  of  soda,  the  nltmor  operations 
of  the  analysis  arc  rendered  more  dillicult.  For  this  purpose 
another  portion  of  the  muiiatic  ncid  solution,  to  which  no  phos- 
phate of  soda  has  been  added,  is  taken  for  examination. 

*  When  the  operator  positively  knows  that  the  bases  con- 
tained in  the  substance  in  process  of  analysis  are  in  the  state  of 
metallic  chlorides  or  of  nitrates  (which  is  detected  by  the 
otlier  part  of  the  analytical  course  for  the  detection  of  acids), 
and  when  during  the  various  operations  performed  no  other 
add  but  muriatic  or  nitric  acid  has  been  used  (but  no  sul- 
phuric add),  it  is  only  necessary  to  evaporate  the  liquor  to 
dryness  in  a  porcelain  dish,  after  which  the  residuum  must 
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be  strongly  ignited  and  for  a  long  time  in  contact  M'ith 
the  air^  either  in  a  small  platinum  crucible,  or,  if  nitrates 
be  present^  in  a  small  porcelain  cmdble.  In  the  latter  case  the 
decomposition  of  the  nitric  add  can  be  promoted  by  adding 
gradually  and  cautiously  to  the  fused  mass  a  small  quantity  of 
some  kind  of  organic  matter  free  from  fixed  principles,  by  which 
means  deflagratioii  is  prodnced.  After  calcining,  the  residnary 
mass  is  treated  by  water.  K  before  ignition  it  contained  only 
metallie  chlorides,  the  calcining  it  in  contact  with  the  air  has 
partly  decomposed  the  chloride  of  magnesium  and  liberated  the 
magnesia  which  is  combined  with  some  as  yet  uudecomposed 
chlcunde  of  magnesium ;  the  q[oantity  of  the  latter  is  veiy  incon- 
siderable when  the  dried  mass  has  been  heated  several  times  in 
the  platinum-  crucible,  taking  care  at  each  time  to  moisten  it 
with  a  httle  water,  and  to  place  upon  it  a  small  piece  of  car- 
bonate of  ammonia.  Treating  the  mass  with  water  leaves  the 
magnesia  nndissclTed,  whilst  the  alkalies  are  dissolTcd  thereby 
in  the  state  of  metallic  chlorides,  and  remain  in  the  filtered 
liquor  which  may  now  contain  either  chloride  of  potassium,  or  of  • 
sodium,  or  both  simultaneously.  This  may  be  detected  in  the 
manner  described  just  above. 

Yet  if  before  calcining,  the  mass  was  composed  of  nitratcs, 
the  action  of  the  fire  wiW  have  converted  the  nitrate  of  magnesia 
into  pure  magnesia,  which  is  insoluble  in  water,  whilst  the 
alkalies  in  the  state  of  nitrites  or  of  carbonates  dissolve  in  the 
liquid,  and  may  be  recognised  in  the  liquor  filtered  fifom  the 
magnesia. 

*  But  when  the  bases  are  combined  with  sulphuric  acid  in 
the  substance  under  examination,  the  process  must  be  altogether 
modified ;  for  sulphate  of  magnesia^  like  the  sulphates  of  alkalies, 
cannot  be  decomposed  by  calcining.  It  is  hardly  possible,  how- 
ever, if  magnesia  is  present,  that  verj^  soluble  substances  can 
contain  other  combinations  than  sulphates,  nitrates,  or  metallic 
chlorides.  If  it  contains  sulphuric  acid,  the  liquor  should  be 
evaporated  to  dryness  and  the  residuum  ignited,  in  order  to 
volatilise  the  ammoniacal  salts  which  have  been  formed  duiing 
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the  openitioii.  If  the  compouiid  under  ezammaticm  oontaiiiB 
not  only  itufyhaU9y  bnt  nUratet  and  metaUic  chhrUkg  also^  a  little 

sulphuric  acid  is  added  to  the  ignited  mass,  and  tlie  excess  of 
this  acid  must  be  Tolatilised  by  a  moderate  ignition.  The 
residuum  is  then  dissolved  in  water,  and  an  excess  of  acetate  oj 
haitjgia  is  added  to  this  solution^  by  which  means  the  snlphnzie 
acid  is  precipitated  in  the  state  of  sulphate  of  baryta*  The  Uqucxr 
filtered  from  this  precipitate  contains  the  excess  of  acetate  of 
baryta,  acetate  of  magnesia,  and  the  alkalies,  if  any,  com- 
bined with  acetic  acid.  The  solution  is  evaporated  to  diynese, 
and  the  dry  residuum  ignited  in  a  small  porcelain  capomlay  or 
better  stiU^  in  a  platinum  crucible.  After  ignition,  water  is 
poured  upon  the  residuum,  carbonate  of  baryta  and  carbonate 
OF  MAONEsiA,  or,  if  the  mass  has  been  strongly  ignited,  pure 
MAGNESIA  remains  insoluble^  whilst  the  alkalies,  if  any  are  pie- 
sent,  are  dissolved  in  the  state  of  carbonates.  The  presence  and 
nature  of  the  alkalies  may  then  be  easily  detected  in  the  solntion^ 
especially  after  convcrtiiig  them  into  the  state  of  chlorides  by 
addition  of  muriatic  acid. 

D.  It  is  impossible  by  following  these  methods  to  detect  the 
presence  of  ammonia.  This  substance  is  detected  by  pouring 
solution  of  pure  potash  upon  a  portion  of  the  compound  under 
examination,  and  slightly  heating  the  whole ;  an  odour  of  am- 
monia is  then  disengaged,  and  a  glass  rod  moistened  with 
muriatic  add  held  at  the  surface  of  the  liquid  produces  white 
fumes  if  ammonia  is  present  \ 

2.  METHOD  OF  FHOCEEDING  TO  DETECT  THE  ACIDS. 

A  portion  of  the  concentrated  solution  of  the  compound  is  first 
treated  with  dilute  muriatic  acid  in  order  to  ascertain  by  the 
effervescence  produced  whether  carbonic  acid  or  svlphitr  are 

present.    If  the  gas  disengaged  with  effervescence  is  inodorous, 

>  II  has  been  remarked  by  Dr.  Fresenius,  tliAt  solution  of  potaali  cuiiu,  whiUt 
bdfing^  mmoniacal  vapours,  which  may  lead  to  «mr;  and  iherefiove it ia aome. 
times  better  to  triturate  the  snbelaiMe  with  liydrate  oriime  and  water  inalead  of 
boiliqg  it  with  aohitioii  of  potadi.— Ed. 
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it  is  CARBONIC  ACID  ;  if,  Oil  thc  Contrary,  it  exhales  the  well- 
known  odour  of  sulphuretted  hydrogen,  thc  combination  contaiDS 
BULPHuii  in  the  state  of  meialUc  gulphuret.  In  the  latter  case^ 
lkOwe?er,  it  may  also  contain  carbonic  add,  the  presence  of 
whieh  will  be  subsequently  detected. 

Into  iinother  portion  of  the  solution  of  the  combination 
which  must  be  neutral^  or,  at  least,  not  acid,  a  solution  of 
ekkride  nf  barmm  is  poured.  (Instead  of  a  solution  of  Moride 
qf  barium  one  of  nitrate  of  baryta  is  used,  if  the  solution  con- 
tains PROTOxynK  or  lkad,  oxyde  of  silver,  or  buboxvde  of 
mercury).  If  a  precipitate  is  produced,  the  combination  may 
contain  suLPHuaic,  phosphobic,  abssnic,  and  bobacic  acids; 
and  when  cabbonio  acid  is  present,  it  also  yields  a  precipitate 
with  a  solution  of  chloride  qf  barium. 

Dilute  muriatic  acid  is  next  added  to  the  precipitate  produced, 
or  else  dilute  niirie  acid,  if  nUraie  qf  baryta  has  been  employed. 
If,  after  the  addition  of  a  certain  quantity  of  water,  this  aoid 
dissolves  the  precipiitatc  produced  by  the  barytic  salt,  it  is  a 
proof  that  the  combination  contains  no  sulphuric  acid.  If 
the  precipitate  diuolves  with  effervescence,  and  does  not  reap- 
pear when  the  acid  solution,^whidi,  however,  must  contain 
the  least  possible  quantity  of  free  acid, — ^is  boiled  and  saturated 
with  ammonia,  the  precipitate  produced  by  the  barytic  salt  is 
due  to  the  presence  of  cabbonic  acid,  which,  however,  may 
have  been  detected  before. 

*  If,  however,  the  solution  of  the  barytic  salt  has  precipitated 
BORACic  ACID,  boratc  of  baryta  cannot,  in  most  cases,  be  preci- 
pitated from  an  acid  solution  by  ammonia;  because  it  is  soluble 
in  solutions  of  ammoniacal  salts,  of  chloride  of  barium,  and  other 
salts*. 

If  thc  precipitate  dissolves  with  effervescence  in  the  acid  and 
reappears  by  saturating  the  liquor  with  ammonia,  the  combina- 
tion contained  carbonic  acid  in  conjunction  with  one  or  more  of 
the  adds  which  have  been  mentioned.  If  this,  however,  does  not 

*  Ctobonie  acid,  lioir«T«r,  fonni  »  preeipitato  of  cMboiuito  of  bti7t»  in  the 
aohitioii  of  Imnto  of  boiyte.— Ed. 
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take  plaoe,  the  combination  may  still  contain  puosPHoaic  aad 
AUSENic  ACiDS^or  evcii^  though  this  is  not  lakelj,  boeacic  acii». 
The  presence  of  absenic  acid  is  detected  hj  means  of  a 

solution  of  sulphuretted  hydrogen.  No  metallie  ozyde  can 
disguise  the  colour  of  the  precipitate  produced  by  this  re-agent ; 
for  when  arsenic  acid  is  present^  alkalies  only  can  accompany 
it^  because  the  earths  and  the  metallic  oxydes  Ibrm  with 
anenie  acid  compounds  which  axe  insoluble  in  water,  except  they 
contain  an  excess  of  acid.  It  is  easier  still  to  detect  the 
presence  of  arsenic  acid  by  means  of  the  blow-pipe. 

The  presence  of  boracic  acid  is  recognised  by  adding  sul- 
phuric acid  and  alcohol  to  the  compound. 

Phosphoric  Acin  is  much  more  difficult  to  detect.  After 
having  ascertained  the  absence  of  arseme  and  borade  aeidf,  the 
presence  of  phosphoric  acid  is  shown  by  the  precipitate  which  a 
solution  of  chloride  of  barium  or  of  chloride  of  calcium  produces 
in  the  concentrated  solution  of  the  compound^  which  precipitate 
disappears  by  the  addition  of  muriatic  or  of  nitric  adds,  and 
which  re-appears  by  saturating  the  liquor  with  ammonia.  But 
if  all  or  some  of  the  above  acids,  or  only  one  of  them  be  present, 
it  is  necessary  to  resort  to  another  method,  in  order  to  detect 
phosphoric  acid. 

If,  of  all  the  above  acids,  absbnic  acid  alone  is  present,  it 
may  be  separated  by  means  of  a  solution  of  suipkuretted  hy- 
drogen. The  liquor  shouUl  be  previously  rendered  acid,  and 
sulphuretted  hydrogen  added  in  sufficient  quantity  to  exhale 
a  strong  odour  of  that  gas.  The  whole  is  then  to  be  boiled, 
and  the  sulphuret  of  arsenic  produced  is  separated  by 
filtering.  The  presence  or  absence  of  phosphobic  acid  may 
now  be  easily  ascertained  in  tlic  filtered  liquid  totally  free 
from  sulpluiretted  hydrogen,  by  saturating  it  and  then  pouring 
into  it  a  solution  of  chloride  qf  barium  or  of  caicium.  If,  how- 
ever, BOBAcic  acid  is  present  at  the  same  time,  phos- 
phobic ACID  may  already  be  distinguished,  because  the  pre- 
cipitate produced  bv  the  solution  of  chloride  of  barium  or  of 
chloride  of  ctiicium  does  not  disappear  by  the  addition  of  a  very 
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large  quantity  of  water,  neither  does  it  dissolve  in  very  small 
quantities  of  solutions  of  ammoniacal  saits^  of  chloride  of 
barium^  of  chloride  of  caldum^  and  other  salts^  which  would 
take  place  if  boracic  acid  alone  was  present. 

*  Tn  many  cases,  the  best  way  of  detecting  phosphoric  acid, 
alter  having  separated  the  arsenic  acid  which  may  exist  in  the 
oompoimd,  consists  in  the  nse  of  nUraie  silver,  with  the  pre- 
cautions indicated  (page  262).  It  is  especially  important  after 
the  elimination  of  the  arsenic  acid  to  free  the  liquor  com- 
pletely from  sulphuretted  hydrogen^  for  without  this  precaution 
the  addition  of  solution  of  nitrate  of  mlvet  might  produce  a 
black  precipitate  of  snlphuret  of  silver. 

If  a  solution  of  chloride  of  barhm  has  produced  in  the  con- 
centrated solution  of  the  combination  a  precipitate  which  the 
addition  of  muriatic  acid  or  of  nitric  add  does  not  cause  to 
disappear,  or  dissolves  only  partially,  the  combination  contains 
suLPHraic  ACID.  If  the  liquor  filtered  from  this  precipitate 
of  sulphate  of  baryta  be  treated  as  has  just  been  saul,  ilic  ope- 
rator may  ascertain  whether  the  combination  further  contains 
any  absbnic,  fhospboric,  or  bobacic  acids. 

The  presence  of  a  combination  of  chlobinb  is  detected, 
when  a  solution  of  mtraie  eiher,  poured  in  the  solution  of 
the  substance  under  examination,  produces  a  white  precipitate 
insoluble  in  dilute  nitric  ncid. 

Lastly,  the  presence  of  nitbic  acid  is  recognised  by  throwing 
a  little  of  the  combination  upon  ignited  charcoal,  which  will 
produce  a  deflagration,  if  nitric  acid  be  present.  The  other 
methods,  already  mentioned  (page  2S5),  for  the  detection  of  that 
acid,  should  be  likewise  resorted  to. 
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CHAPTER  IX. 

COURSE  OF  THB  QUALITATIVE  ANALYSIS  OF  MIX£D 
COMPOUNDS  WHICH  ARB  ONLY  PARTIALLY  SOLUBLE, 

OR  ALTOGETHER  INSOLUBLE  IN  WATER,  BUT  SOLU- 
BLE IN  ACIDS,  AND  THE  CONSTITUENTS  OF  WHICH 
ARE  AMONa  THE  SUBSTANCES  IN  THE  LIST,  (Page 
622). 


*  Among  the  combinations  belonging  to  this  chapter  are 
those  mentioned  (page  635).  AU  the  alloys  formed  of  the 
metals  of  the  bases  (page  622)  may  be  ezamined  in  the  same 
manner. 

Tlic  combiuatioa  to  be  examined  is  first  treated  bv  water.  If 
it  dissolves  partially,  the  solutions  thus  obtained  must  be  sub- 
jected to  the  treatment  described  in  the  preceding  chapter.  If  it 
is  insoluble  in  water,  it  is  to  be  dissolved  in  mnriatic  acid,  or,  if 
it  contains  protoseyde  of  lead,  oxyde  of  Hkfer,  or  wbaseyde 
mercury,  in  nitric  acid.  The  solution  is  promoted  by  the 
application  of  heat,  especially  if  metallic  suLrnuRETS  arc 
present.  In  this  case,  it  is  often  advantageous  to  employ  aqua 
regia,  which,  as  we  have  already  said  (page  542),  attacks 
compounds  on  which  mnriatic  and  nitric  acids  alone  have  no 
action. 

The  portion  of  the  compnund  which  remains  undissolved  after 
treatment  witli  water  is  to  be  treated  in  the  same  manner  as 
the  substances  which  arc  altogether  insoluble  in  water. 

*  Alloys  are  generally  soluble  in  nitric  acid.  A  few  dissolve 
likewise  in  mnriatic  add;  others,  again,  are  soluble  only  in 
aqua  regia.   This  is  known  from  the  solubility  of  the  isolated 
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metals  in  the  various  acids,  which  subject  has  been  treated  of  in 
the  Third  Chapter  of  the  First  Part  of  this  volume. 

1.  METHOD  OF  TROCEEDING  TO  DETECT  THE  BASES. 

Tlie  method  of  proceeding  to  detect  the  bases  in  the  acid 
solutioiis  is  Yery  similar  to  that  which  I  have  indicated  in 
Chapter  VIII.^  for  the  analysis  of  the  combinations  which  are 
soluble  in  water.    It  is  neccssat     however,  to  modify  it  a  little, 
because  in  the  preceding  case,  it  was  unnecessary  to  pay  any  atten- 
tion  to  the  earths  or  to  the  metaUic  ozjdes^  properly  so  called^ 
when  PHOSPHORIC^  akssnic,  carbonic,  and  even,  in  certain 
cases,  BORACTC  acids  were  present;  since  the  very  presence  of 
these  acids  was  in  itself  a  sufficient  indication  of  the  absence 
of  earths  and  metallic  oxydes  by  the  insolubility  in  water  of 
the  componnds  resulting  from  the  nnion  of  these  snbstanoes. 
For  the  same  reason,  it  was  mmecessary  to  look  for  sul* 
I'HUK,  when  metallic  oxydes,  properly  so  called,  existed  in  the 
combination. 

A*  To  the  acid  solution  of  the  compound,  one  of  sulphuretted 
hydrogen  is  added,  and  the  precipitate  resulting  therefrom  is 

subsequently  to  be  treated  by  hydrosulpliuret  of  ammonia  in  the 
manner  mentioned  (page  652).  If  the  combinations  contain 
any  arsenic  acid,  this  acid  is  likewise  precipitated  by  the  solu- 
tion of  sulphuretted  hydrogen,  and  the  sulphniet  of  arsenic 
produced  dissolves  in  hydrosulphuret  of  ammonia.  If  pbroxtdb 
OF  TIN  and  oxydt:  op  antimony  exist  also  in  the  liquor  at  the 
same  time,  it  is  often  difficult  to  detect  with  certainty  the 
presence  of  these  three  substances.  In  this  case  that  of  arsbnic 
acid  is  easily  recognised  by  treating  the  substance  with  soda 
upon  charcoal  before  the  blow-pipe.  That  of  oxyde  of  anti- 
mony is  exhibited  by  the  orange-yellow  colour  of  the  precipitate 
which  is  produced  when  the  dilute  solution  of  the  metallic  sul- 
phurets  in  hydrosulphuret  of  ammonia  is  decomposed  by  dilute 
mwiaHe  acid.  But  in  presence  of  these  two  substances  it  is 
more  difficult  to  determine  whether  peroxyde  of  tin  exists  or 
not  in  the  compound.  In  such  a  case  the  best  way  is  to  dry  the 
metaUic  sulphureta  which  dilute  muriatic  acid  has  precipitated 
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from  the  dilute  solution  in  hyclioeulphuret  of  ammonia^  and  then 
to  lieat  them  strongly  and  as  much  as  possible  out  of  the  con- 
tact of  the  air  in  a  glass  tube  closed  at  one  end,  during  which 
operation  sulphur  and  sulphuret  of  arsenic  are  sublimed,  aud 
sulphuret  of  tin  and  sulphuret  of  antimony  remain  behind  in 
the  lower  degree  of  sulphuration.  This  residuum  is  dissolved  in. 
concentrated  muriatic  add  with  the  help  of  heat.  The  solution 
is  diluted  with  water,  and  it  contains  then  oxyde  of  antimony, 
and  if  pcroxyde  of  tin  existed  in  the  solution^  it  now  exists  in 
the  solution  in  the  state  of  protoxy de  of  tin^  which  may  then  be 
easUy  detected  by  solution  of  percUoride  of  gold. 

If  the  metallic  svdphurets  precipitated  fipom  the  add  solution 
of  the  combination  by  that  of  sulphuretted  hydrogen  are  not 
entirely  dissolved,  or  even  remain  insoluble  in  hydrosulphuret 
of  ammonia^  the  combination  may  further  contain  oxtdb  or 

CADMIUM,  PBOTOXTUS  OV  LXAD,  OXTDB  OF  BISMUTH,  PROTOXTDB 
OV  COPPBR,  OXTDB  OP  SILTBB,  SUBOXTDB  OP  MBBCUBT,  and  PBOT- 

OXYDE  OF  MERCURY.  Thcsc  mctals  may  be  recognised  precisely 
in  the  manner  which  has  been  indicated  in  the  preceding  chapter, 

(page  052). 

B.  The  liquor  separated  from  the  predpitate  which  the  solu- 
tion of  sulphuretted  hydrogen  has  produced,  is  next  treated  as  has 
been  said  in  the  preceding  chapter,  in  order  to  ascertain  whether 

it  still  contains  any  fixed  bases.  If  so,  the  solution  is  to  be 
saturated  with  ammonia^  and  hydrosulphuret  of  ammonia  is  next 
added.  The  precipitate  which  is  produced  may  be  owing  to  the 
presence  of  pbroxtdb  op  iron,  pbotoxtdb  op  iron,  oxtdb 

OP  NICKBL,  OXTDB  OP  COBALT,  OXTDB  OP  SINC,  PROTOXVDE  OF 

MANGANESE  and  ALUMINA ;  but  this  precipitate  may  iilso  con- 
tain  MAGNESIA,    LIME,    STRONTIA,    and    BARYTA,    wllCU  tlieSC 

bases  are  combined  with  pAotphoric,  or  with  boraeie  adds.  This 
precipitate  must  first  be  treated  ahnost  in  the  same  manner  as 
has  been  indicated  in  the  preceding  chapter  for  the  examination 
of  the  })ascs  precipitated  under  similar  circumstances.  It  is 
digested  in  muriatic  acid  or  in  af/fui  rcyia^  and  in  the  first  case 
the  filtered  solution  is  treated  with  nitric  add. 
Dilute  su^huric  add  is  added  to  the  liquor.   If  it  contains 
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sTRONTiA  and  baryta,  these  basea  are  completely  pvedpitated^ 
if  not  immediately,  at  least  after  a  short  time,  in  the  state  of 
sulphate  of  baryta,  or  of  strontia.  Limb  is  also  partly  precipi- 
tated wlicn  it  is  abuudant,  and  provided  the  solution  be  not  too 
dilute.  The  precipitate  is  collected  on  a  filter  without  washing;, 
and  then  treated  by  a  large  quantity  of  water.  If  nothing  is 
dissolyed,  it  consists  only  of  sulphate  qf  baryta  or  of  itrontia,  bat 
if  it  is  partially  dissolved,  the  baiy  ta  and  strontia  may  be  aooom- 
panied  by  limb.  The  presence  of  limb  is  very  easily  detected 
in  the  filtered  licjnor  by  pouring  a  solution  of  an  oxalate.  The 
undissolved  residuum^  which  may  consist  of  sulphate  of  baryta 
and  of  «/rofi/ia,  is  then  treated  by  a  solution  of  carbonate  qf  potash 
or  of  soda,  as  has  been  said  in  the  preceding  chapter  (page  640). 

The  acid  liqnor  filtered  from  the  earthy  sulphates  is  snper- 
saturated  with  ammonia.  This  re-agent  precipitates  more  espe- 
cially PBBOXYDE  OF  i&ON  and  ALUMINA,  but  it  can  likewise 
produce  a  precipitate  of  magnesia,  if  the  liqnor  contains  phos- 
phoric add.  The  precipitate  is  boiled  with  a  solution  of  potash, 
which  leaves  the  pbroxtdb  ov  ibok  and  magnesia  untouched, 
and  tlic  v  lose  the  greater  part  of  their  phosphoric  acid,  whilst  the 
ALUMINA  is  dissolved  and  may  be  re-precipitated  from  the  solu- 
tion by  muriate  of  ammonia.  Before  the  blow-pipe,  the  presence 
of  PEROXTDE  OP  IRON  in  the  undissolved  residuum  may  be  easily 
detected,  but  that  of  magnesia  is  more  difficultly  recognised ; 
wherefore  the  residuum  must  be  dissolved  in  muriatic  acid,  and 
the  acid  solution  supersatiurated  with  ammonia,  whicli  precipi- 
tates the  PEROXYDE  OF  IRON,  but  Icavcs  the  greatest  part  of  the 
magnesia  in  the  solution,  in  which  it  may  be  detected  by  means 
of  the  various  re-agents  (page  42). 

*  Yet  it  is  better,  in  this  case,  to  separate  the  magnesia  from 
the  PEROXYDE  OF  IRON  by  mcaus  of  tlie  solution  of  a  succinate: 
to  effect  this  the  liquor  should  be  saturated  with  ammonia,  and 
a  very  slight  excess  of  this  alkali  added,  so  that  the  greatest 
part  of  the  pbroztde  op  iron  remains  in  solution;  after  which 
the  peroxyde  of  iron  must  be  precipitated  by  means  of  suc- 
cinate of  alkali  in  the  state  of  succinate  of  iron  [persuccinate 
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of  iron].   The  filtered  liqnor  contains  tlien  the  whole  of  the 

magnesia  wliich  accompanied  the  peroxyde  of  iron. 

The  liquor  filtered  from  the  precipitate  which  was  produced 
hy  sapeBMtuiating  it  with  ammonia^  and  which  may  contain 
PBKoxTDi  OF  »0N^  ALUMiNAi  and  MAaNBUA^  may  stOl  oontain 

OZTDB  OF  NICXSL,  OXTDB  OF  COBALT,  FBOTOZTDB  OF  MAN6A- 

NESE;  and  oxYDE  OP  ZINC.  It  must  be  treated  as  we  Irnte 
indicated  before  (page  G5(>). 

C.  The  liquor  filtered  from  the  precipitate  produced  by  hydro- 
sulphuiet  of  ammonia  in  the  solution  previously  snpenaturated 
with  ammoniay  is  first  examined  in  oarder  to  see  whether  it  stIU 
contains  any  fixed  oonstitnents ;  if  so,  it  must  be  treated  in  the 
same  manner  as  the  corresponding  liquor  mentioned  in  the  pre- 
ceding chapter  (page  <i57).  On  this  occasion  I  would  again 
remark  that  it  is  hardly  necessary  to  look  for  alxalies,  since 
they  form  with  the  acids  in  question  salts  which  are  soluble  in 
water. 

2.  METHOD  OF  PROC  KEDING  TO  DETECT  THE  ACIDS. 

Some  of  the  acids  are  much  more  difhcult  to  detect  lu  the 
combinations  under  consideration  here  than  in  those  which  are 
soluble  in  water. 

The  presence  of  cabbonic  Acin  in  all,  and  that  of  sulphvb  in 

some  of  these  substances,  is  detected  by  the  eflervescence  which 
takes  place  when  dilute  muriatic  acid  is  poured  upon  a  certam 
quantity  of  the  compound.  If  the  gas  disengaged  with  effer* 
Tesoenoe  is  inodorous,  the  combination  contains  cabbonic  acid 

only ;  but  if  the  gas  exhales  an  odour  of  sulphuretted  hydrogen, 

tlie  compound  may  cuntaiu  simultaneously  slu  hur  and  car- 
bonic ACID In  such  case  it  is  necessary  to  examine  whether 

*  The  gas  discugaged  might,  on  the  other  lumd,  coutaiu  such  »  small  4vmuitjr  of 
sulphuretted  hydrogen,  that  it  could  not  bs  dtfloetod  hf  Am  •adL  It  ii  «tB  ts 
■upond over IheUqaid fan wlddidMcflbnras^^  aiiiM^ftpieeoof  papwiiMii^ 
ened  ivitii  aaolntion  of  baaie  aoetato  of  lead»  wfakh  will  tan  brown  if  any  sulpboretled 

hydrogen  is  escaping,  or  else  the  gas  mgr  be  passed  ultimately  through  solution  of 
acetate  of  load.  Metallic  sulphuref^  may  also  be  generally  <lrtoctf  d  by  tlie  odour 
of  sulphurouR  noid  disengaged  wheu  roMted,  or  by  the  bleaching  action  of  the  fumes 
upon  brazil- wuod  paper. — Ed. 
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the  disengaged  gas  contains  carbonic  acid.  To  effect  this,  the 
combination  under  examination  is  introduced  in  a  flask  dosed 
with  a  cork  traversed  by  a  small  tube  bent  twice  at  ri^ht  angles ; 
dilute  muriatic  acid  is  now  poured  upon  it  aud  the  ^as  disengaged 
is  passed  through  a  sohitiou  of  cUorick  qf  barium  or  of  chloride 
qfeaickim,  to  which  a  httle  ammonia  has  been  added^  or  better 
stilly  perhaps^  through  umb-watbr.  If  the  current  of  the  gas 
produces  a  white  precipitate  which  dissolves  with  effervescence 
in  muriatic  acid,  the  combination  contains  carbonic  acid.  It 
is  necessary,  however,  in  this  experimeut  to  shelter  the  liquor 
from  the  contact  of  the  air 

A  portion  of  the  compound  is  dissolved  in  muriatic  acid,  or,  if 
oxyde  of  silver,  suboxyde  of  mercur}%  or  protoxyde  of  lead  arc 
present,  in  nitric  acid ;  the  solution  is  diluted  with  water  and 
a  solution  of  chloride  qf  barium  or  of  nUrate  qf  baryta  is  added 
according  to  the  add  employed.  If  a  white  precipitate  is  pro- 
duced, the  combination  contains  svlvhvric  acid.  If  by  heating 
a  portion  of  the  combination  with  nitric  acid  a  reaction  takes 
place  with  disengagement  of  ruddy  fiunes  of  nitrous  acid  and 
separation  of  sulphur^  and  if  the  liquor  being  diluted  and  filtered 
yields  a  predintate  by  adding  a  solution  of  niiraie  baryta,  the 
substance  under  examination  is  a  metallic  sulphuret.  If  sulphur  is 
combined  with  mercuryj  aqua  regia  must  be  used  instead  of  nitric 
add ;  in  that  case  chlokinb  is  disengaged,  and  not  nitrous  add. 
CSompaze  what  has  been  said  in  Chapter  YI.,  (page  6S6). 

A  portion  of  the  compound  is  dissolved  in  nitric  add,  in  the 
cold  if  possible,  and  after  having  diluted  the  solution  with 
water,  a  small  quantity  of  a  solution  of  mtrate  of  silver  is  added. 
If  a  white  curdy  predpitate  is  formed,  the  compound  is  a 
metallic  diloride. 

♦  As  suucui.oiiiDK  OF  MERCURY  Is  iusoluble  lu  liitric  acid, 
and  dissolves  only  in  aqua  regia,  it  is  necessary  to  treat  a  portion 
of  the  combination  with  solution  of  potash,  according  to  the 
method  indicated  (page  641). 

'  Because  a  precipitate  of  carbonate  of  lime  might  \>o  produced  by  tlie  absorption 
of  the  carbonic  acid  of  the  air,  it  is  therefore  advisable,  in  ortler  to  remove  all 
source  of  error,  to  pour  a  small  rpiantity  of  oil  in  the  flaak  contaming  the  lime- 
water,  which  will  shield  it  from  contact  with  the  air. — Ed. 
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The  operator  must  next  examine  whether  the  combinatiou, 
"  being  treated  by  sulphuric  acid  and  alcohol,  gives  a  green 
flame  when  the  alcohol  la  set  tire  to^  in  which  case  bo&acic 
ACID  is  present. 

NiTEic  ACID  is  detected  hj  strewing  a  portion  of  the  com* 
binatioa  upon  charcoal  *. 

The  pre:ieuce  of  arsexic  acid  is  detected  hy  means  of  the 
blow-pipe. 

The  presence  of  phosphoric  acid  is  very  difficult  to  detect  in 
these  oomponnds.  The  substance  is  examined  before  the  blow* 
pipe,  according  to  the  directions  given  by  Benelins  (page  270), 
after  having  ascertained  that  the  combination  contains  neither 
arsenic,  nor  sulphuric  acids,  nor  sulphur ;  according  to  Fucha, 
boracic  acid  must  likewise  be  absent. 

The  detection  of  this  add  in  the  humid  way  is  difficult. 

If  the  bases  of  the  oombmation  under  examination  contain 
only  such  metallic  oxydes  as  can  be  precipitated  finom  the  acid 
solution  by  sulphuretted  hydrogen,  the  liquor  is  filtered  froin 
the  precipitate  produced  by  this  re-agent,  and  submitted  to  the 
treatment  indicated  (page  268),  in  order  to  ascertain  whether  it 
contains  rBosFHOEic  acid;  but  the  sulphuretted  hydrogen  must 
first  be  completely  expelled  by  heati  n  g  i t .  It  is  hardly  necessary 
to  observe,  that  when  tlie  opcratur  intends  using  a  solution  of 
nitrate  of  silver  as  a  test  for  detecting  ruosruoRic  acid,  the 
compound  must  be  dissolved  in  nitric  and  not  in  muriatie  acid, 
Jf  PHOSPHORIC  ACID  bc  precipitated  by  a  solution  of  chloride 
calchim,  or  of  barUan,  after  hanng  first  poured  an  excess  of 
ammonia  in  the  liquor,  it  is  always  necessary  to  ascertain  that 
the  precipitate  produced  consists  really  of  phosphate  of  lime  or 
of  baryta.  To  effect  this  the  operator  must  first  examine 
whether  it  contains  any  boracic  acid^  and  then  the  presence  of 
phosphoric  acid  may  be  ascertained  by  the  blow-pipe. 

If,  on  the  contrary,  the  bases  consist  of  metallic  oxydes 
susceptible  of  being  precipitated  by  hydrosulphuret  of  ammonia 
from  the  acid  solution  first  supersaturated  with  ammonia; 

1  See  the  other  tMto,  page  699. 
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consequently,  if  the  bases  are  vbboxtdb  of  ibon,  pkotoxtdb  of 

IRON,  OXTDB  OF  NICKEL,  OZYDB  OF  COBALT,  OXTDE  OF  tlSC, 
PBOTOXTOB  OF  MANGANESE,  the  liquor  is  first  liltercd  from  the 
precipitate  produced  by  the  above  re-agent,  and  dilute  muriatic 
acid  is  poured  in  it  and  the  whole  left  to  digest  until  all  odour 
of  sulphuretted  hydrogen  has  yanished ;  it  is  then  filtered  again 
to  separate  tiie  sulphury  and  it  is  treated  in  the  same  manner. 
Of  course  fdiHe  and  not  muriatic  acid  must  be  used  if  nitraie  of 
silver  is  the  test  decided  upon. 

If  the  bases  are  alumina,  magnesia,  lime,  strontia,  and  baryta, 
the  detection  of  phosphoric  add  is  difiScnlt,  especially  when 
accompanied  by  metallic  oxydes  which  cannot  be  precipitated 
except  by  hydrosiilphuret  of  ammonia.    When,  on  tlie  contrary, 
these  earths  exist  alone  or  accompanied  by  metallic  oxydes  suscep- 
tible of  being  precipitated  from  the  acid  solution  by  sulphuretted 
hydrogen^  fbosfhobic  acid  may  be  detected  in  the  following 
manner; — ^After  having  separated  from  the  acid  solution  by 
sulphuretted  hydrogen  the  metallic  oxydes  which  can  be  pre- 
cipitated by  this  re-agent,  the  liquor  is  to  be  saturated  with 
ammonia,  which  will  precipitate  the  earths  when  combined  with 
phosphoric  acid.   If  only  Ume,  tirontia,  and  baryta  are  present 
in  the  solution,  their  precipitation  by  ammonia  is  a  proof  of  the 
presence  of  phosphoric  acid  ;  it  is  only  necessary  to  ascertain 
that  the  precipitate  contains  no  boracic  acid  and  that  phosphoric 
acid  is  present,  [which  may  be  done  in  the  first  case  with 
sulphuric  acid  and  alcohol ;  in  the  second  case  with  the  blow- 
pipe] .   If  magnesia  is  present  at  the  same  time,  it  is  likewise 
precipitated  1)y  ainmoniu  in  presence  of  phosphoric  acid,  even 
though  the  liquor  contains  ammoniacal  salts  in  sufficient  quan- 
tity to  prevent  its  precipitation  by  ammonia,  were  there  no 
phosphoric  add.    Abmdna  likewise  is  precipitated,  but  its 
precipitation  by  ammonia  is  no  proof  of  the  presence  of  phos- 
phoric acid.    In  order  to  ascertain  whether  it  is  present  or  not 
in  the  precipitate,  the  precipitate  must  be  treated  as  described 
before  (page  265). 
But  if  these  earths  are  accompanied  in  the  substance  under 
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cxaiiiiuation  by  peroxyde  of  iron,  protoxyde  of  iron,  oxyde  ^ 
7ucktl,  oxyde  of  cobalt,  oxyde  of  zinc,  protoxyde  of  mnnganese, 
and  if  other  metallic  oxydes,  susceptible  of  being  precipitated 
from  the  acid  Bolutioii  by  sulphuretted  hydrogen,  arc  present  at 
the  same  time,  the  aaatysis  must  be  conducted  quite  in  another 
way.   The  substance  under  examination  must  be  dissolved  in 
nitric  acid  or  in  muriatic  acid,  if  the  solution  of  nitrate  of  silver 
is  not  intended  to  be  resorted  to  as  the  test  for  phosphoric  acid, 
and  then  by  means  of  a  solution  of  sulphuretted  hydrogen,  the 
metallic  oxydes  susceptible  of  being  precipitated  thereby  are 
thrown  down.    The  filtered  liquor  is  then  heated  until  all  odour 
of  sulphuretted  hydroj^en  has  vanished ;  niter  wliicli,  dilute 
sulphuric  add  is  added,  ^vhich  precipitates  the  baryta  and  strontia. 
The  Ume  may  likewise  be  precipitated  thereby  if  a  sufficient 
quantity  of  alcohol  is  added  *.   The  liquor  is  filtered  to  separate 
it  from  the  precipitate  produced,  and  if  lime  has  been  precipitated, 
it  is  heated  until  all  the  alcohol  has  disappeared.    If  then  there 
is  neither  magnesia  nor  alumina,  but  metallic  oxydes  only  sus- 
ceptible of  being  precipitated  by  hydrosulphuret  of  ammonia, 
the  liquor  must  be  saturated  with  ammonia,  the  ozydea  are 
precipitated  by  this  re-agent,  and  phosphoric  acid  may  be 
detected  in  the  filtered  hquor  in  the  manner  which  has  been 
described.  But  if  magnesia  and  alumina  are  likewise  present,  no 
hydrosulphuret  of  ammonia  is  added,  but  an  excess  of  solutions  of 
pure  potash  is  poured  in,  aAd  the  whole  is  boiled.   The  proiojeyde 
of  iron,  oxyde  of  nickel,  oxyde  of  cobalt,  protoxyde  of  manganese, 
and  maf/nesia  are  precipitated  sometimes,  it  is  true,  with  a  small 
quantity  of  phosphoric  acid,  but  the  greatest  portion  of  that 
acid  remains  dissolved  in  the  filtered  liquor,  in  which  it  may  be 
detected  by  supersaturating  a  small  quantity  of  the  solution 
with  murioHe  acid,  and  pouring  thereon  a  solution  of  Monde  of 
bar'nim,  which  produces  a  precipitate  of  sulphate  of  baryta;  if 
sulphuric  acid  has  previously  been  added  for  the  purpose  of 
precipitating  the  baryta,  the  stratUia,  and  Hme ;  the  precipitate  is 
separated  1^  filtering,  after  whidi  the  addition  of  ammonia  in 

^  SulpliAte  of  Ume  is  very  alighdjr  aolubla  in  waiw,  Imt  iimolnbto  in  «kohol. — ^Eo. 
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the  filtered  liquor  determmes  a  precipitate  of  phosfhati  of 

BARYTA. 

Bat  if  owyde  of  gine  and  ahmma  are  present,  the  phosphoric 

acid  dissolves  with  these  bases  in  piire  potash.  If  o.rijde  of  zinc 
alone  is  present,  it  is  precipitated  in  the  potash  solution  by 
hydrosulphuret  of  ammonia,  and  the  presence  of  vbosphobic 
ACID  may  then  be  ascertained  in  the  filtered  liquid.  If  the 
alkaline  solution  contains  ahmma  alone,  then  the  presence  of 
rnosriioRic  acid  may  be  detected  in  the  manner  described 
(page  265).  But  if  the  two  bases  exist  simultaneously,  hydro- 
sulphuret  of  ammonia  is  added  to  the  potash  solution,  which 
re-agent  will  precipitate  the  oxyde  <xf  sine  alone  in  the  state  of 
sulphuiet  of  zinc;  the  alumina  remains  dissolved  with  the 
phosphoric  acid  if  there  be  a  sufficient  quantity  of  potasli.  The 
hydrosulphuret  of  ammonia  in  the  liquor  iiltered  from  the 
sulphuret  of  zinc  produced  must  be  decomposed,  and  the 
presence  of  the  pbosphoeic  acid  and  tUumina  may  be  detected 
in  the  filtrate  by  the  method  described  (page  1(65). 

The  analysis  of  the  oxydised  combinations,  which  are  inso- 
luble in  water,  may  be  rendered  much  more  easy  by  mixing  the 
substance  to  be  examined  with  three  or  four  times  its  weight  of 
carbonate  of  potash  or  of  soda,  and  fusing  the  mixture  in  a 
platinum  crucible,  which  for  this  purpose  is  preferable  to  any 
other.  The  fusion  requires  a  stronger  heat  that  can  be  produced 
with  a  spirit-lamp  with  circular  wick,  and  tin  refore  a  coal  or 
coke  fire  must  be  resorted  to.  The  mass  attcr  fusion  is  left  for 
a  long  time  to  digest  in  water,  and  the  insoluble  portion  is 
collected  on  a  filter  and  washed. 

*  This  method  presents  the  considerable  advantage  of  pro- 
cm'ing  the  acids  separate  from  the  bases  in  the  solution.  The 
undissolved  portion  consists  of  the  bases  either  in  the  state  of 
carbonates,  as  in  the  case  of  the  alkaline  earths,  or  simply  in 
the  state  of  metallic  oxydes,  or  even  in  the  metallic  state,  as  is 
the  case  with  the  oxydes  of  silver  and  of  gold.  In  the  latter 
case  a  platinum  crucible  must  not  be  used,  because  it  would  be 
attacked  by  the  metals;  a  porcelain  crucible  should  then  be 
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employed  as  well  as  in  the  case  of  oxyde  of  lead^  of  bismuth, 
or  of  other  easily  rcducil)le  nictallic  oxydes. 

*  The  undidsolved  portiou  is  dissolved  in  miu-iatic  acid.  It  is 
best  to  dry  the  precipitate  a  little^  in  order  to  be  able  to  remove 
it  as  completely  as  possible  firom  the  filter,  and  to  dissolve  it 
withoat  the  paper ^  than  to  digest  it  with  the  paper  in  the  muriatic 
acid.  This  precaution  is  especially  necessary  when  nitric  acid 
is  used  instead  of  muriatic  acid^  that  is  to  say,  wheu  there  are 
metallic  oxydes  which  cannot  be  dissolved  by  the  latter. 

*  The  solution  of  the  bases  in  muriatic  add  or  in  nitric  add 
is  treated  precisely  in  the  same  manner  as  we  have  fully  described 
(page  C  I  9) ;  for  as  these  bases  are  then  separated  from  the  acids, 
such  as  phosphoric,  arsenic,  and  boracic  acids,  with  which  they 
formed  compounds  insoluble  in  water,  their  determination  does 
not  offer  any  difficulty. 

*  Alumina  alone,  if  among  the  bases,  may  after  the  fusion  of 
the  combination  with  the  alkaline  carbonate  exist  in  the  solution 
of  the  fused  mass.  It  must  be  remarked  also  that  if  oxyde  of 
mercury  existed  in  the  substance  to  be  examined,  it  must  not 
be  fused  with  the  alkaline  carbonate,  since,  as  is  well  known, 
the  mercury  would  volatUise. 

*  The  aqueoiis  solution  of  the  mass  fused  with  the  alkaline 
carbonate  contains  the  adds  of  the  combination,  namdy, 

8U£PHURIC,  PHOBFHOEIC,AB8BNIC,BOBACI0  ACIDS, and  CHLO&IlfB. 

The  adds  are  united  with  tiie  alkali,  and  the  chlorine  with  the 
metal  of  that  alkali.   Moreover  the  liquor  contains  the  ezoeaa 

of  the  alkaline  carbonate.  It  is  very  easy  to  ascertain  the 
presence  or  absence  of  these  acids,  which  is  done  by  following 
the  method  indicated  (page  66j(),  Yet  it  must  not  be  forgotten 
that  the  solution  contains  some  alkaline  carbonate  in  the  free 
state. 

*  If  the  substance  under  examination  contains  any  u/umina, 
as  I  have  already  remarked  before,  it  has  passed  into  the  alkaline 
solution  of  the  adds.  By  gradually  saturating  this  solution 
with  an  add,  a  predpitate  is  produced,  whidi  re-dissolves  in  an 
excess  of  the  add  employed.   If  ammonia  is  now  added  to  the 
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acid  liquori  the  aLumiua  is  precipitated  (combined  with  the 
phosphoric  or  arsenic  adds^  if  these  acids  existed  in  the 
compound). 

*  The  presence  of  nitric  acid  and  that  of  carbonic  acid 

cannot  be  detected  when  tbia  ractliod  of  analysis  is  followed. 
The  hrst,  because  it  is  decomposed  by  fusion  with  the  alkaline 
carbonate ;  the  second,  because  an  excess  of  alkaline  carbonate 
has  been  employed  to  effect  the  fhsion.  The  presence  of  these 
two  acids  must  therefore  be  sought  for  in  other  portions  of  the 
substance. 

If  that  substance  contains  metallic  sulphubbts  insoluble  in 
water,  it  may  be  treated  in  a  sunilar  manner — that  is  to  say,  it 
should  be  reduced  into  fine  powder,  mixed  with  double  its  weight 

of  carbonate  of  potash  or  of  soda,  and  four  times  its  weight  of 
nitrate  of  potash  or  of  soda.  The  inixture  is  fused  in  a  sniall 
porcelain  crucible,  and  as  the  addition  of  the  nitrate  of  alkali 
renders  the  mass  easy  of  fusion,  the  whole  is  exposed  to  the  flame 
of  a  spirit-lamp  with  circular  wick.  When  the  melted  mass  is 
afterwards  treated  by  water,  the  sulphate  of  alkali  produced 
and  the  excess  of  alkaline  carbonate  are  dissolved,  accompanied 
perhaps  by  a  little  nitrate  or  nitrite,  and  leave  the  met^  in 
the  state  of  oigrdes.  This  method  is  sometimes  advantageous 
in  case  of  metallic  sulphurets,  but  is  not  preferable  to  the 
ordinary  method  of  treating  them  by  nitric  acid  or  aqua  regia. 
It  is  snitiiijlc  more  especially  when  sulphuret  of  lead  is  among 
the  number  of  the  sulphurets  in  the  compound. 

*  Alloys  must  always  be  treated  in  the  usual  way,  that  is  to 
say,  by  nitric  acid  or  aqua  r^;ia.  The  metallic  arseniurets  are 
the  only  ones,  £>r  the  qualitatiTe  analysis  of  which  the  fusion 
with  a  mixture  of  carbonate  and  of  nitrate  of  alkali  is  really- 
advantageous.  When  the  fused  mass  is  trcjitcd  by  water,  it 
diasolvcA  not  only  the  carbonate  but  the  nitrate,  nitrite  and 
arseniate  of  alkali  also.  The  metals  remain  in  the  state  of 
ozydes,  quite  freed  fkom  arsenic  add,  and,  therefore,  may  be 
easily  «mniiied. 
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CHAPTER  3L 

COURSE  OF  THE  QtrALITATIYE  AKALTSIS  OF  MIXED 

COMPOUNDS  WHICU  ARB  TOTALLY  INSOLUBLE,  Oi; 
NEARLY  SO,  IN  WATER  AND  IN  ACIDS,  AND  TIIK 
CONSTITUENTS  OF  WHICH  ARE  AMONG  THOSE  OF 
THE  LIST  (Page  622.) 


If,  after  first  treating  the  substance  under  examination  by 
water,  then  by  an  acid,  there  still  remains  an  insoluble  prcci- 
pitate^  it  can  consist  only  of  the  substances  mentioned  in 
Chapter  VII.  (page  645)^  namely^  sitlphatb  of  baryta,  sui^ 

PHATB  OF  8TRONTIA^  SULFHATB  OF  LIMB,  8VI.FBATB  OF  LBAB, 

and  CHLORIDE  or  silver. 

The  combination  is  fused  with  about  twice  or  three  times  its 
weight  of  dry  carbonate  of  soda'.  If  the  operator  knows  that 
it  contains  no  chloride  o/siher  the  operation  may  be  performed 
in  a  platinum  erndble ;  but  if  the  substance  contains  tu^tkate 
lead,  it  is  necessary  to  manage  the  fbnon  with  great  care,  and 
only  expose  the  crucible  to  a  low  red  heat.  In  most  cases,  it  is 
not  so  advantageous  to  use  a  porcelain  crucible  for  the  reasons 
mentioned  (page  675).  Yet  a  porcelain  crucible  should  always 
be  used  when  ckkride  qf  ether  is  present*.   "When  the  fused 

'  TIm  MdwlMMe  ehonldl  be  fitst  ndneed  to  »  fino  powder,  ond  nUiod  in  a  glued 
poroelein  morlar  witfi  the  qonitity  of  alkaline  oariionafte  decided  upon,  so  as 
to  mix  the  mass  thoroughly,  after  wliich  it  is  tranafeomd  tO  the  crucible,  in  which  it 
ia  intended  to  fuso  it.  Whon  this  is  done  the  mam  must  not  he  expose*!  to  too 
strong  a  heat  nt  first,  because  tlie  carbonic  add  which  diaeogagee  would  cause  the 
znaas  to  swell  up  aiiJ  boil  over. — Ed. 

*  When  n  pondain  cnietbla  is  need,  riBen  it  alwi^  fouid  among  the  prodnelB  of 
the  foeed  maaa  which  are  eohible  in  water,  and  wfaidb  prooeeda  from  the  enbetance 
of  the  erncible,  which  haa  been  acted  upon  by  die  alkaline  carbonate. — En. 
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mass  has  cooled,  water  is  poured  upon  it  and  left  till  it  softens ; 
it  is  then  digested  in  a  larger  quantity  of  water  still,  and  it  is 

filtered  iu  order  to  separate  the  insoluble  portion.  The  clear 
liquor  is  now  saturated  with  nithc  acid.  The  presence  of 
8VLPHVBIC  ACID  is  detected  by  pouring  a  solution  of  nitrate  of 
baryta  in  a  portion  of  that  Mqnor ;  and  that  of  chloeibb  of 
SILVER  bv  means  of  a  solution  of  nitrate  of  silver,  which 
produces  then  a  precipitate  due  to  the  presence  of  chloride  of 
sodium. 

The  residuum  can  consist  only  of  carbonates  of  baryta,  of 
STRONTIA,  of  limb,  Rud  of  LBAS.   It  may  tdso  contain  metaUie 

silver,  if  chloride  of  silver  was  present  in  tlie  compouutl.  The 
silver  is  in  the  form  of  a  metallic  bead  at  the  bottom  of  the  cru- 
cible, provided  a  veiy  strong  heat  has  been  employed  to  effect 
the  fusion ;  if  the  heat  has  been  less  powerful  so  that  the  whole 
has  not  fused  in  a  regular  manner,  the  silver  remains  in  the  state 
of  extreme  division  when  the  mass  is  treated  bv  water.  The 
residuum  is  dissolved  in  nitric  acid ;  but  if  neither  silver  nor  car- 
bonate of  lead  exist,  it  is  better  to  employ  muriatic  add.   Dilute  ' 
muriatic  acid  is  poured  in  a  small  portion  of  the  solution  for 
the  purpose  of  ascertaining  whether  it  contains  oxyde  of  silver; 
if  so,  the  chlohde  of  silver  produced  must  be  separated  by 
filterings  and  ammonia  is  added  to  the  filtered  liquor.   If  a 
white  precipitate  is  produced,  it  indicates  the  presence  of 

PBOTOXVUE  OF  LEAD. 

If  the  combination  contains  oxyde  of  silver  and  oxyde  of 
LEAD,  the  greatest  part  of  the  solution  must  be  treated  by 
solution  of  sulphuretted  hydrogen  in  order  to  precipitate  these 
two  bases.  The  liquor  filtered  lirom  the  precipitate  thus  pro- 
duced, and  which  may  still  contain  lime,  strontia,  and 
BAftYTA,  is  mixed  with  uydrofluosilicic  acid.  If,  after  a 
time,  a  precipitate  is  produced,  it  indicates  the  presence  of 
baryta.  The  liquor  is  separated  from  this  precipitate,  and  if  a 
solution  of  sulphate  of  potash,  or  of  very  dilute  sulphuric  acid, 
produces  an  immediate  precipitate,  strontia  is  present,  cither 
slone  or  accompanied  by  limb.    In  order  to  ascertain  this,  the 
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sulphafte  of  strontia  (if  any  has  been  pxoduced)  is  collected  on 
a  filter^  and  tlie  liquor  is  saturated  by  ammonia.    If  a  solution 

of  an  oxalate,  poured  drop  by  drop  in  the  liquor,  determines  a 
white  precipitate^  it  is  a  proof  of  the  presence  of  limjc. 
Several  add  phosphatbSj  and  certain  acid  arsbniates,  also 
•  some  other  combinations,  become  insoluble  in  water  and  the 
dilute  acids^  after  having  been  exposed  to  a  strong  red  beat  \ 
The  operator,  however,  may  very  ca;>ily,  by  means  of  the  blow- 
pipe, ascertain  the  presence  of  arsenic  acid,  and  of  several 
ifETAixic  ozYDiss  in  these  salts  ;  but  that  of  phosphoric  acid 
is  not  quite  so  easily  detected  before  the  blow-pipe*   The  sub- 
stance  must  be  pulverised,  and  the  powder  put  in  a  small 
porcelain  capsida,  concentrated  sulphui-ic  acid  poured  upon  it, 
and  the  whole  heated  even  to  ebullition  for  ^ome  time.  The 
insoluble  substance  is  thereby  decomposed,  and  water  bein^ 
added,  it  dissolves  therein.   When  the  base  is  not  of  such  a 
nature  as  to  form  an  insoluble,  or  sparingly  soluble,  compound 
by  uniting  with  sulphuric  acid,  as  for  example,  oxyde  of  lead, 
lime,  strontia,  bar\i;a,  these  four  bases  are  distinguished  from 
each  other  in  the  manner  which  has  been  just  described ;  but 
the  solution  is  examined  by  the  method  which  we  have  indi- 
cated in  Chapter  IX.  of  this  pert  (page  675). 

These  combinations  may  be  also  qualitatively  analysed  by 
fusing  them  ^v^th  carbonate  of  potash  or  of  soda,  and  then  the 
course  mentioned  in  the  preceding  chapter  (page  675)  should 
be  followed. 

>  Such  is  the  case  amongst  others  with  peroxyde  of  tin.  Mid  pcroxyde  of  inm.  In 
tho  case  of  peroxyde  of  tin,  carboiuto  of  poteah  should  be  raplMsd  by  CMiatiopaAMh 
and  a  ailTer  crucible  used. — £o. 
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CHAFFER  XI. 

COUBSB   OF  THB    QUALITATIVE  ANALYSIS  OF  SUB- 
STANCES  WHICH  MAT  CONTAIN  ALL  THB  INOBGANIC 

CONSTITUENTS  HITHERTO  KNOWN. 

-  « — 

*  When  the  object  in  yiew  is  the  qiialitatire  analyus  of  an 
unknown  rabttanoe  of  whatever  kind,  it  is  saitable  to  follow  a 

process  analogous  to  that  which  has  been  developed  in  the 
preceding  chapters.  The  first  step  is  to  ascertain  whether  the 
combination  is  soluble  or  insoluble  in  wat^,  then  a  portion  of 
it  is  devoted  to  the  ezauiitotion  of  the  bases,  and  another  to 
that  of  the  acids.  We  have  seen  in  the  preceding  chapters, 
thatj  in  the  course  of  the  operations  necessary  for  the  detec- 
tion of  the  bases,  very  often  several  acids  are  at  the  time 
discovered. 

It  is  impossible  with  respect  to  the  analysis  of  unknown 

substances,  which  may  contain  the  most  various  inorganic 
constituents,  to  enter  into  particulars  as  precise  and  circum- 
stantial as  for  those  the  number  of  which  is  limited ;  where- 
fore, I  intend  only  to  show  here  how,  in  sndi  an  analysiB,  the 

^wious  constituent  bodies  may  be  divided  into  certain  groups, 
the  examination  of  each  of  which  no  longer  presents  any 
difficulty. 

*  I  have  already  said  that  the  presence  of  certain  bodies 
excludes  that  of  other  substances  in  the  compound  under  analyt- 
ical research.  It  is  unnecessary  to  mention  again  here,  those 
which  cannot  be  met  with  simultaneously  in  a  similar  com- 
poond.   With  respect  to  the  behaviour  of  the  various  bases 
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towards  the  re-agents,  tbat  which  is  important  to  he  home  in 
mind  is  this  ;  namely  :  what  are  the  acids  which  form  solnhle 

or  insoluble  combinations.  I  have  also  stated,  in  speaking  of 
each  acid,  what  are  the  bases  which  produce  soluble  or  inso- 
luble salts.  I  have  only  one  thing  more  to  add,  namely;  that 
amongst  the  acids  and  the  haaes  to  the  presence  of  which  I 
have  paid  little  or  no  attention  in  the  preceding  chapters,  there 
are  several  which  possess  a  very  reducing  action  upon  a  great 
number  of  metallic  oxydes  the  metaU  of  which  have  uot  much 
affinity  for  oxygen.    For  example,  svlphubovs,  htposvl- 

PHUBOUS,  FBOSPHOBOVSy  HTPOPH08PBOBOVB,  OXALIC,  8f  ANNOU8 
ACIDS,   PROTOCnLOBIDB   OF  TIN,   PKOTOXTDB   OP  IBON,  PBOTO- 

CHLORIDE  OF  IRON,  cauiiot  co-L'xist  ill  prcsciicc  of  the  oxydes 
or  chlorides  of  a  great  number  of  metals  called  noble. 

1.  QUALITATIVE  ANALYSIS  OF  SUBSTANCES  SOLUBLE  IN 

WATER. 

*  A. — Detection  of  the  bases. 

The  modus  operandi  described  in  Chapters  \'.  and  VI.,  may 
serve  as  models. 

(a).  The  concentrated  solution  of  the  compound  is  first  ren- 
dered acid  by  adding  muriafie  acid  thereto,  or,  in  some  cases 

already  mentioned  before  (page  G25),  dilute  nitric  acid. 

*  When  mui-iatic  acid  having  been  added  to  a  concentrated 
solution  of  the  compound,  the  operator  remarks  that  by  heating 
the  whole  a  well-defined  odour  of  Morme  gas  is  evolved,  it 
is  a  proof  that  the  aqueous  solution  may  contain  pbboxtdb 

OF    MANGANESE,     PEROXYDE     OF    CERIUM,    MANGANIC  ACID, 

VANADIC    ACID,    CHROMIC    ACID,     Or    SELENIC     ACID.       If  the 

action  of  the  heat  is  prolonged  until  the  evolution  of  chlorine 
has  ceased,  the  above  constituents  are  converted,  at  least 
partially,  into  pbotoxyde  of  manoanbsb,  pbotoxtdb  op 

CBBIUM,  VANADOUS    ACID,   OXTDB   OF   CHBOMIUM,  SKLBNIOTTS 

ACID,  and  may  afterwards  be  rccojrnised  as  sucli  in  the  solution. 
The  CHLORATES  and  the  combinations  of  the  chloiiites  with  the 
metallic  chlorides,  may  likewise  disengage  chlorine,  when  treated 
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by  muriatic  acid  (pages  244,  251),  which  observation  applies  also 

to  the  BROMATES  aud  lODATES. 

*  By  adding  an  add  to  the  solution  of  the  anbstanoe,  a  pre- 
cipitate may  in  tome  cases  be  formed^  which  is  due  to  the 
acids  which  are  combined  with  the  bases  bdng  set  at  liberty, 

and  precipitated  when  they  are  insoluble  in  water.  Ordinarily 
the  acid  which  is  thus  precipitated  re-dissolves  in  an  excess  of 
muriatic  or  of  nitric  acid^  yet  this  phenomenon  does  not  take 
place  with  TANTALic  ACID  (page  1^91)^  tvnostic  acid  (page  SIO), 
TITANIC  AciD^  which  remain  insoluble  in  Uie  liquor  containing 
the  excess  of  muriatic  acid.  It  is  easy  to  recognise  by  means 
of  the  blow-pipe  the  titanic  and  tungstic  acids  which  are 
thus  liberated.  Tungstic  acid  may  likewise  be  distinguished 
from  TITANIC  ACID  and  from  tantalic  acid  by  its  great  solu- 
bility in  hydrosn^huiet  of  ammonia.  Silicic  acid  is  also 
separated  from  an  acid  solution  to  which  another  acid  is  added, 
in  an  excess  of  which  it  remains  insoluble.  It  may  likewise  be 
very  easily  distinguished  before  the  blow^-pipe. 

*  Muriatic  add  mixed  with  the  solutions  of  the  sulphosalts 
soluble  in  water,  decomposes  the  sulphobase  which  then  remains 
dissolved,  whilst  a  metallic  sulphuret  insoluble  in  water  is  sepa- 
rated, and  may  be  subsequently  examined.  This  decomposition 
is  generally  accompauied  by  a  disengagement  of  sulphuretted 
hydrog:en. 

*  however,  the  addition  of  muriatic  add  or  of  nitric  add  to 
the  aqueous  solution  of  the  combination  under  examination  does 
not  determine  any  of  these  changes,  a  solution,  or  current  of 
sulphuretted  hydrogen  is  passed  through  the  acid  liquor.  In 
this  way  not  only  are  the  oxydes  mentioned  before  (page  626), 
namely,  oxtdb  of  cadmium,  pkotox  of  lbad,  oxydb  of  bis- 
muth, PBOTOZTDB  OF  COPPBR,  OXTDB  OF  SILTBB,  SUBOXTDB  OF 
HBBCURY,  PROTOXTDE  OP  MBKCUBT,  OXTDB  OP  OOLD^  PBOTOXTDE 
OF  TIN^  PEROXYDE  OF  TIN,  and  OXYDE  OF  ANTIMONY,  but  SCVCral 

others,  namely: — oxyde  op  rhodium,  oxyde  op  iridium, 

OXTDB  OF  OSMIUM,OSMIC  ACID,PROTOXTDB  OF  PALLADIUM,  OXYDB 
OF  PLATINUM,  ANTIMONIOUS  ACID,  ANTIMONIC  ACID,  the  OXYDBS 
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OF  MOLYBDENIM,  >rOLYBDIC  ACID,  TELLURIOUS  ACID,  ARS£NIOU9 

ACID,  ARSENIC  ACID,  aud  sELENious  ACID,  arc  precipitated  in 
the  state  of  metallic  sulpburets.  It  is  hardly  necessary  to 
observe  that  the  chlobidbs,  bromidbs,  iobiobs^  and  flvobidbs 
of  these  metals,  when  they  exist  in  the  solutions  instead  of  the 
oxydes,  are  likewise  precipitated  by  sulphuretted  hydrogen. 
Some  of  the  metalhc  sulphurets  thus  produced  do  not  separate 
eicept  after  a  long  timei,  and  several^  even  not  until  after  heat  is 
applied  to  the  liquor^  a  drcomstance  which  has  been  taken  into 
consideration,  and  alluded  to  in  the  first  part  of  this  Tolnme^  and 
which  must  be  especially  borne  in  mind. 

*  Some  oxydes  are  not  precipitated  from  their  acid  solutions 
in  the  state  of  metallic  sulphuret  by  sulphuretted  hydrogen, 
they  however  decompose  this  re*agent,  the  result  of  which  is, 
that  after  heating  the  liquor,  sulphur  is  precipitated  in  the  shs^ 
of  a  milky  precipitate  which  is  difficult  to  filter.  To  tliis  class 
the  following  substances  belong  : — sesquioxyde  of  manganese, 
the  adds  of  manoanbsb  and  cbbomic  acid,  when  they  have 
not  been  previously  decomposed  by  muriatic  add ;  peboxtdb  op 

IBON,  HTPOSVLPHVBIC  ACID,  SVI.PRXTBOUS  ACID,  CHLOBIC  ACID, 

bbomic  acid,  and  iodic  acid,  when  the  solutions  of  the  salts 
of  tlicse  acids  have  been  previously  decomposed  by  an  acid.  If 
the  combination  under  examination  does  not  contain  any 
metallic  oxydes  susceptible  of  bdng  predpitated  in  the  state  of 
metallic  sulphurets  by  sulphuretted  hydrogen,  the  separation  of 
sulphur  demonstrates  the  presence  of  one  or  of  several  of 
these  immediate  substances.  It  is  veiy^  easy  to  distinguish  the 
sulphur  liberated  from  a  metallic  sulphuret;  but  it  is  impossible 
to  recognise  the  liberation  of  sulphur  when  a  metallic  sulphuiet 
is  at  the  same  time  predpitated. 

*  The  metallic  sulphurets  precipitated  by  sulphuretted  hydro- 
gen are  next  treated  by  bydrosulphuret  of  ammonia  in  the 
manner  indicated  (page  650),  and  the  solution  thus  obtained 
must  be  treated  as  described  there  also.  Among  the  metallic 
sulphurets  predpitated,  hydrostdphuret  of  ammonia  dissolves 
those^  the  oxydes  of  which  have  been  indicated  (page  473); 
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consequently  the  sulpliurets  of  platinum,  of  iuidium,  of  gold, 

of  TIN^  of  ANTIMONY^  of  MOLYBDENUM^  of  TSLLUBIUM,  of  8£LE- 

jtivM,  and  of  abbbnic^  tungstic  acid^  vanadovs  acid,  and 
TANADic  ACID,  wliich  caimot  be  precipitated  in  the  state  of 

liietiiilic  siilphurets  from  acid  solutions,  dissolve  also  in  the  state 
of  oxjdes  in  hydrosul])huret  of  ammonia,  and  an  acid  may 
then  precipitate  them  in  the  state  of  sulphureta  from  that 
solntion. 

*  The  presence  of  platinum  is  easily  detected  in  the  solution 
of  the  substance  under  examiuatiou,  because  when  concentrated, 
a  solution  of  chloride  o/potanhan  or  of  mmiate  <if  ammonia  also 
concentrated,  produces  a  yellow  precipitate  (page  149).  If  the 
solution  of  the  substance  under  examination  be  very  dilute,  it 
should  first  be  concentrated  before  pouring  in  the  solution  of 
chloride  of  potassium,  or  of  muriate  of  ammonia. 

'I' The  presence  of  ibidium  maybe  detected  by  treating  a  por- 
tion of  the  solution  of  the  substance  under  examination  in  the 
same  manner  as  for  platinum.  Its  very  concentrated  solution 
is  precipitated  by  chloride  of  potassium,  or  muriate  of  ammonia, 
especially  when  the  combination  has  been  dissolved  in  alcohol ; 
yet  the  precipitation  generally  does  not  take  place  except  after 
a  long  time.  The  double  salt  formed  is  black,  but  if  the  liquor 
contains  platinum  at  the  same  time,  the  precipitate  has  a  reddish 
tinge. 

*  The  presence  of  moltbdbnitm  is  detected  by  treating  a  por* 

tion  of  the  compound  under  examination  in  the  dry  state  before 
the  blow-pipe  (page  Ibb),  yet  it  must  not  contain  at  the  same 
time  any  substance  capable  of  preventing  the  manifestation  of 
the  phenomena  produced  by  the  blow-pipe.  In  order  to  remove 
this  obstacle,  it  is  therefore  better  to  treat  before  the  blow-pipe 
the  precipitate  which  has  been  produced  by  muriatic  acid  in 
the  solution  of  the  metallic  sulphurets  in  hydzosulphuret  of 
anunonia. 

*  Sometimes  the  milkiness  produced  in  the  solution  by 
addition  of  water,  when  the  acid  has  not  been  used  in  too  large 
quantities,  is  sufficient  to  indicate  the  presence  of  tsllubium  ; 
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but  a  conclusive  proof  is  the  reaction  which  the  hquor  exhibits 
with  the  alkalies  (page  228),  and  by  the  behaviour  of  the  com- 
pound before  the  blow-pipe.  Yet  it  is  especially  in  the  liquor 
obtained  by  treating  with  nitric  acid  or  aqua  regia^  the  metallic 
sulphurets  whidi  have  been  dissolved  by  hydrosulphnret  of 
ammonia,  that  the  presence  of  tellurious  acid,  must  be  sought 
for,  and  not  immediately  in  the  solution  of  the  substance  under 
examination^  because  the  analyst  very  often  runs  the  risk  of 
failing  to  peroeiTe  it  in  this  solution  when  accompanied  by 
several  metallic  oxydes  playing  the  part  of  bases. 

*  In  many  cases  the  presence  of  selenium  may  be  immedi- 
ately detected  by  the  blow-pipe  (page  221),  yet  selenium  may 
be  detected  in  the  solution,  either  in  the  state  of  sslbnic  acid, 
or  of  sBLBNious  ACiD^  by  means  of  the  re-agents  mentioned 
(page  219  to  221).  It  is  especially  easy  to  detect  it  by  treat- 
ment with  sul])]iurous  acid,  after  having  converted  sclcuic  acid 
(if  it  exists  therein)  into  seienious  acid. 

*  The  presence  of  AasBtric^  which  may  be  contained  in  the 
aqueous  solution  in  the  state  of  arsenic  acid  or  of  araenious 
acid  is,  in  such  a  case,  veiy  easily  detected  by  means  of  the 
blow-pipe.  In  order  to  ascertain  whether  the  metal  is  in  the 
state  of  arsenic  acid  or  of  arsemous  acid,  the  experiments 
described  (page  346)  must  be  resorted  to. 

*  I  haye  said  (page  651),  how  the  operator  must  proceed  to 
detect  the  other  substances,  gold,  tin,  antimony. 

The  metallic  sulphurets  which  are  not  dissolved  by  hydro- 
sulphnret of  ammonia,  and  the  corresponding  oxydes  of  which 
have  been  indicated,  (page  4^72),  are  the  sulphurets  of  cadmium, 

of  LEAD,  of  BISMUTH,  of  COPPBB,  of  SILTBB,  of  MBRCUBT,  of 

PALLADIUM,  of  BHODiUM,  and  of  OSMIUM.    I  have  shown, 

(page  172),  how  the  presence  of  the  first  six  of  these  metals  can 
be  detected.  That  of  palladium  is  detected  in  the  solution  bv 
pouring  a  solution  of  cyanide  of  mercury  (page  154),  which 
method  at  most  can  in  a  small  number  of  cases  lead  to  oonfonnd 
this  metal  with  platinum  (page  150).  That  of  rhodium  is 
detected  in  the  dry  combination  by  fusing  it  with  bicai  bouatc 
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of  potash  (page  158).  Osmium  is  very  easily  recognised  by  the 
characteristic  odour  which  iU  solution  exhales  when  boiled  with 
nitric  add  (page  167). 

(b) .  After  having  treated  the  acidified  solution  of  the  substance 
under  t  xaiuiiiation  by  sulphuretted  hydrogen,  the  liquor  filtered 
from  the  metallic  sulphurcts  which  have  been  thereby  pre- 
cipitated, is  saturated  by  ammonia  and  decomposed  by  hydro- 
sulphnret  of  ammonia.  It  is  then  treated  absolutely,  as  has 
been  prescribed  for  liquor  B  in  Chapter  VIII.,  (p^^  654), 
and  all  the  precautions  there  recommended  must  be  observed. 
By  following  that  process,  the  combinations  of  sulphur  with  the 
metals  of  the  oxydes  mentioned  (page  471),  are  precipitated, 
consequently  the  sulphurets  of  mamoanbsb,  of  iron,  of  zinc,  of 
COBALT,  of  NICKEL,  and  of  ukanium.  I  have  already  said,  in 
Chapter  VIII.,  (page  654),  what  the  operator  must  do  in  order 
to  detect  the  first  five  of  these  metals.  As  to  the  presence 
of  URANIUM,  it  is  detected  by  treating  the  solution  of  these 
metallic  sulphurets  in  nitric  add  or  aqua  regia  by  carbonate  of 
ammonia,  which  will  dissolve  the  perozyde  of  uranium,  produdng 
a  yellowish  liquor  ;  or  by  ammonia,  which  will  produce  a  yellow 
precipitate ;  peroxyde  of  uranium  being  insoluble  in  ammonia 
(page  108),  by  which  means  it  is  distinguished  from  the  com- 
binations of  niekel,  cobalt,  mangamse,  and  zinc,  which  are  all 
soluble  both  in  carbonate  of  ammonia  and  in  pure  ammonia. 

*  Besides  tiie  mctidlic  salpliiirets  first  mentioned,  tlie  finiiiKmia 
used  for  saturating  the  hquor,  or  if  neutral,  the  addition  of 
hydrosulphuret  of  ammonia,  may  further  have  precipitated 

ALUMINA,  OLUCINA,  THOBINA,  TTTBIA,  PROTOXTUB  OV  CBRIVH, 
SIRCONIA,  TITANIC  ACID,  OXTDE  OV  CHROMIUM,  TANTALIC  ACID, 

as  we  have  said,  (page  172).  I  have  also  shown,  (page  055),  the 
manner  of  detecting  the  presence  of  alumina  in  this  precipitate. 
The  precipitate  produced  by  ammonia  and  hydrosulphuret  of 
ammonia  is  dissolved  in  nitric  acid,  and  an  excess  of  pure  votash 
is  added  to  the  solution  after  having  first  ascertained  that  all 
the  sulphuretted  liydrogen  has  been  driven  oft'  or  decomposed. 
Among  the  substances  precipitated  in  the  first  instance  this 
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re-agent  will  dissolve  only  oxyde  of  zinc,  alumina,  and 
GLUCiNA.    Muriate  of  ammonia  poured  in  the  potash  solution 
precipitates  only  alumina  and  glucina,  and  the  presence  of  the 
oxYDB  OF  siNc  18  then  next  yeij  easily  detected  in  the  filtered 
liquor  by  hydrosnlphoret  of  ammonia.   A  solution  of  earbnmaie 
of  ammoma  added  in  excess^  or  poured  upon  the  precipitate 
[produced  by  muriate  of  ammonia]  easily  distinguishes  alumina 
from  OLuciNA,  and  may  even  be  employed  to  separate  them  if 
they  exist  simultaneously  (page  50).   But  when  the  alumina 
thus  obtained,  being  treated  before  the  blow-pipe,  gives  with  seda- 
tion of  nitrate  of  cobalt  a  pure  blue  colour  (page  47),  it  is  not 
necessary  to  look  for  CfLiciNA*.    The  residuum  ^liich  has 
remained  insoluble  in  potash  is  digested  with  a  solution  of  car- 
bonate 0(f  ammiomay  which  principally  dissolves  tho&ina,  ttteia, 
PBOTOXTDB  OP  CBRiuH,  and  aiRCONiA ;  yet  in  order  to  effect  this, 
very  large  quantities  of  the  alkaline  carbonate  are  required,  and 
it  is  sometimes  difficult  to  distinguish  these  substances,  espcciiiily 
when  they  exist  only  in  small  quantity  in  the  solution :  this 
may,  however,  be  successfully  effected  by  bearing  in  mind  what 
I  have  said  in  the  first  part  of  this  volume  in  reference  to  their 
behaviour  towards  re-agents.   The  presence  of  titanic  acid, 
which,  however,  can  scarcely  ever  be  met  with  in  compounds 
which  are  soluble  in  water,  is  recognised,  especially  if  oxyde  of 
cobalt  and  protoxyde  of  manganese  are  absent  in  the  undissolved 
'residuum,  either  by  means  of  the  blow-pipe  (page  299),  or  by 
means  of  a  bar  of  metallic  zinc  Q)age  296).   Its  presence  may 
already  be  suspected  wlien  l)y  boiling  the  dissolved  compound 
after  the  addition  of  an  acid,  as  we  have  said  above,  a  precipitate 
which  it  is  difficult  to  separate  by  filtering  is  formed  (page  294). 
Neither  can  tantalic  acid  exist  in  the  solution  rendered  add, 
since  it  is  precipitated  by  acids  finom  its  solution  in  potash,  as  we 
have  remarked  before.    The  presence  of  oxyde  of  chromium 
is  very  easily  detected  before  the  blow-pipe,  even  though  the 
compound  contains  only  very  small  quantities  of  this  oxyde. 

I  Because  if  the  gluciim  was  present,  the  ookrar  inateKd  ^  beii^  of  %  par*  \ktm 
would  have  »  greyiah  <»  black  tinge. — £o. 
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The  best  way,  therefore,  is  to  test  the  precipitate  formed  by 
hydrosulphuiet  of  ammonia  before  the  blow-pipe  in  order  to 
aicertain  whether  chromium  ia  present  (page  198)« 

*  It  is  hardly  possible  that  the  precipitate  obtained  by 
ammonia  and  hydrosulphuret  of  ammonia  can  contain  other 
bases  than  those  which  we  have  just  examined,  for  the  re-agenta 
of  which  we  have  spoken  precipitate  the  alkaline  earths  from  an 
acid  sdution  only  when  nnited  with  an  add,  with  which  they 
form  compounds,  which  are  insoluble  in  water.  When  these 
alkaline  earths  are  combined  with  a  great  excess  of  such  an 
acid,  their  acid  salts  may  thus  be  soluble  in  water,  but  such  a 
solution  must  then  be  treated  exactly  as  the  acid  solutions  of 
substances  which  are  insolnble  in  water. 

*c.  The  liquor  filtered  firom  the  precipitate  produced  by 
hydrosulphuret  of  ammonia  may  ftirther  contain  the  following 
bases  : — Magnesia,  lime,  strontia,  baryta,  lithia,  soda, 
POTASH. — ^If  the  combination  contains  ammonia,  this  substance 
exists  also  in  the  liquor,  but  I  have  already  said,  (page  66i(),  that 
a  fireah  sample  of  the  dissolved  combination  must  be  taken  in 
order  to  detect  this  alkaM. 

*  The  liquor  is  treated  as  we  have  said,  (page  657.)  I  have 
also  shown  there  how  the  above-named  bases,  except  lithia, 
can  be  recognised.  With  respect  to  lithia,  if  in  small  quantity, 
and  especially  if  magnesia,  potash,  and  soba  exist  simultane- 
ously with  it,  its  presence  may  be  easily  overlooked :  it  has 
often  occurred  also  that  small  quantities  of  lithia  have  been 
mistaken  for  magnesia.  After  Imving^  separated  the  /iW, 
stronHa,  and  baryta  by  carbonate  of  ammonia  in  the  manner 
mentioned  before  (page  667),  the  precipitate  obtained  cannot 
contain  any  lithia  if,  before  precipitating  by  carbonate  of 
ammonia,  the  liquor  was  not  too  concentrated.  To  a  portion  of 
the  solution  separated  from  the  earthy  carbonates  by  filtering,  a 
solution  of  photphate  soda  is  added ;  if  even,  after  some  time, 
this  re-agent  produces  no  precipitate,  lithia  is  absent,  and  if 
a  precipitate  is  produced,  it  may  be  owing  to  the  presence  of 
lithia  or  of  magnesia  or  both.   In  order  to  ascertain  thisy 
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another  portion  of  the  liquor  filtered  from  the  earthy  carbonates 
is  evaporated  to  diyiicss,  and  the  dry  residnura  is  ignited  in 
order  to  expel  the  ammooiaeal  salts.  The  ignited  mass,  if  it 
contain  maonssia,  diiaolves  completely  in  irater  only  if  the 
bases  are  combined  with  snlphinic  add.  If  tins  is  not  the  ease;, 
a  little  sulphuric  acid  is  added  after  the  ignition^  the  eicess  of 
which  must  be  completely  expelled  by  slightly  igniting  the  mass 
which  is  next  to  be  dissolved  in  a  small  quantity  of  water,  and 
to  this  solution  one  of  pure  potash  is  addedj  which  precipitates 
MAGNESIA  from  the  neutral  liqaor«  but  not  lithia.  If  the 
solutibn  of  potash  determines  no  precipitate,  litbia  akme  was 
present.  If,  on  the  contrary',  it  produces  a  precipitate,  the 
presence  or  absence  of  magnesia  must  be  rendered  conclusive 
by  testing  the  liquor  filtered  from  the  magnesia  by  a  phosphate 
of  alkali. 

*  It  is  more  difficult,  in  presence  of  UiMa  and  nu^fntiia,  to 
decide  at  the  same  time  whether  potash  and  soda  are  present 

or  absent.  If  the  combination  contains  lithia  alone,  ^^tllout 
magnesia,  a  portion  of  the  liquor  filtered  from  the  earthy  carbo- 
nates is  evaporated  to  dryness,  and  the  residuum  is  ignited  in 
order  to  expel  the  ftmi«Atti«i<*Al  galtg.  A  portion  of  this  resi* 
dnum  is  then  dissolved  in  the  least  possible  quantity  of  wat^, 
or  in  alcohol ;  if  solable  therein,  and  the  solution  is  tested  for 
POTASH  by  chloride  of  platinum,  soda  is  also  sought  for  in  the 
residuum  of  the  evaporation  of  part  of  the  solution  by  means  of 
the  blow-pipe  (page  13)  *. 

*  If,  however,  maonbsia  is  still  found  in  the  liquor  filtered 
from  the  earthy  carbonates,  it  is  separated  iroin  the  alkalies,  that 
is  to  say,  from  Hthia,  soda,  and  potash^  whether  they  exist  all 
or  only  some  of  them,  in  the  manner  described  (pages  659,  660) 

'  The  presence  ol  a  small  quantity  of  chloride  of  litliium  may  be  easily  distiiigni4ie<l 
in  chloride  of  sodium  hy  fusing  Uio  mixture  before  the  blow-pipe  on  a  platijium  «ire, 
plunging  liie  ftued  mUtnro  into  tallow,  and  lighting  it  after  having  witlidru\\-u  the 
win.  If  ihe  li«liiam  be  not  ia  too  ninll  qantity,  the  veddiab  sparUing  whidi « 
duracteristic  of  UAiommaybedlinrfiBdntthoadgaorfhol^^  Tlia  ifnrUingb 
says  Bcrzcliu'^,  is  very  fine  with  1  per  1 00  of  lithiom,  oad  isotOl  viiiUe  with  0-1  per 
cent.   Thia  {trocees  was  diaooTond  by  M.  Stain.— En. 
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for  the  purpose  of  separating  magnesia  from  potash  and  from 
ioda.  The  best  and  safest  method^  however,  ia  to  oonyert  these 
bases  into  sulphites,  if  not  already  in  thst  state,  and  to  separate 
them  by  means  of  a  solution  of  acetate  of  ban  ta,  according  to 

what  has  been  said  (page  662) ;  though  even  then  it  is  really 
somewhat  difficult  to  separate  by  means  of  water  only,  the 
magnesia  £rom  the  carbonate  of  litkia  obtained^  and  which  is  very 
sparingly  soluble.  If  the  alkalies  be  in  the  state  of  carbonates 
their  bases  are  easily  detected. 

B.  DETECTION  OF  THE  ACIDS. 

*  Wb  intend  here,  w  hilst  treating  of  the  acids,  to  speak  at 
the  same  time  of  such  of  the  simple  substances  which  by  uniting 
with  the  metals  form  compounds  which  are  analogous  to  salts, 
for  example,  iodine,  bromine,  fluorine,  &c.,  as  we  have  already 
done  ill  the  preceding  chapters. 

*  The  presence  of  certain  acids  which,  in  the  solution  of  their 
salts,  are  susceptible  of  being  reduced  by  muriatic  add  with  the 
help  of  heat  into  a  lower  degree  of  oxy disation  may,  as  we  have 
already  said  before,  be  presumed  from  the  odour  of  chlorine 
which  is  disengaged  during  the  operation.  To  tliis  class  of 
acids  the  following  belong : — Selenic  acid,  which  is  thereby 
converted  into  te^ieuMMitacMf  (page  220) ;  ohbomic  acid,  thereby 
converted  into  axyde  qf  ekromkm,  a  transformation  which  is 
accomplished  very  easily  by  adding  some  alcohol  to  the  solution 
mixed  with  muriatic  acid  (page  810)  ;  and  the  acids  of  man- 
ganese, which  are  reduced  into  protoxyde  of  manganese  (page 
32^). 

*  I  have  already  said  before  that  some  adds  are  precipitated 
from  their  solutions  by  muriatic  acid  when  they  are  insoluble 

ill  water,  and  that  an  excess  of  acid  docs  not  re-dissolve  them. 
These  acids  liave  been  enumerated  (page  684). 

*  Neither  is  it  necessary  here  to  pay  any  regard  to  the  acids 
which  are  converted  by  sulphuretted  hydrogen  into  metallic 
sulphurets,  and  which  are  precipitated  in  that  state  from  the 
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acid  solution,  for  we  have  already  spoken  of  them  in  indicating 
the  course  of  qualitative  analysis  for  the  detection  of  the  bases. 

*  A.  The  first  thing  to  be  done  when  an  unknown  substance 
is  to  be  analysed,  with  a  view  to  ascertain  whAtaekkit  contaiiia^ 
is  to  examine  whether  any  yolatils  acids  are  present.  To 
effect  this  it  is  first  reduced  to  powder,  a  portion  of  the  powder 
is  put  in  a  dry  glass,  and  concentrated  sulphuric  acid  is  jDOured 
upon  it,  and  if  a  reaction  is  not  immediately  maoifested,  the 
whole  is  very  gently  heated.  The  volatile  acids  are  thereby 
ezpelledi  and  their  odour  alone  is  sufficient  to  distinguish  them  ; 
but  they  are  more  clearly  recognised  still  by  the  white  clouds 
which  are  produced  when  a  glass  rod,  moistened  with  .immouia,  is 
plunged  in  the  glass,  taking  care  not  to  touch  the  mass  with  it. 
The  adds  which  are  thus  volatilised  by  concentrated  sulphuric 
acid  in  a  decomposed  or  an  undecompoeed  state  are :  SmtPHUR^ 
ous  ACID,  immediately  recognised  by  its  well-known  pungent 
odour  (page  20S);  u vposulphurous  and hyposulpiiuric  acids, 
both  of  which  disengage  sulphurous  acid  wheu  decomposed  by 
an  acid  (pages  206,  215) ;  nitric  acid,  the  salts  of  which  yield 
colourless  vapoura  when  treated  in  the  cold  by  sulphuric  acid 
(page  235),  but  which  is  easily  distinguished  by  other  reactions 
from  the  salts  produced  by  other  Tolatile  adds ;  nitboits  acid, 
the  salts  of  which  emit  niddy  fumes  when  so  treated  (page  239)  ; 
CHLORIC  ACID,  the  salts  of  which  disengage  chlorous  acid  when 
treated  by  sulphuric  add  (page  246) ;  bbomic  acid,  the  salts  of 
which  when  treated  by  sulphuric  add  evolve  gaseooa  bromine, 
easily  recognised  by  its  characteristic  odour,  and  oiygen  gas 
(page  255);  carbonic  acid,  the  salts  of  which  either  in  the 
solid  state  or  in  dilute  solutions  disengage  carbonic  acid  with 
effervescence,  not  only  when  treated  by  sulphuric  add,  but  alao 
by  all  the  adds  soluble  in  water  (page  883) ;  oxalic  acid,  whidi 
dther  in  the  aqueous  state  or  combined  with  bases  in  the  state 
of  salts  is  decomposed  with  effervcsct  uce  by  sulphuric  acid  into 
carbonic  arid  and  carbonic  oxydc  (page  389) 

*  Concentrated  sulphuric  acid  disengages  also  muriatic  acid 
from  most,  not  from  all,  the  metallic  chloeidbs  (page  422) ; 
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gaseous  bromine^  sulphurous  and  hydrobromic  acids,  from  nearly 
all  the  MBTALUC  brouidbs,  which  substances  may  be  reoog- 
niaed  by  their  odoiur  or  colour  (page  429) ;  gaseous  iodine  of  a 
purple  colour  and  sulphurous  add  from  almost  all  the  mbtallic 
IODIDES  (page  434);  HYDROFLUORIC  ACID,  whicli  is  distinguished 
from  all  other  acids  by  its  action  upon  glass,  £tom  the  metallic 
fluorides  (page  438) ;  fluosilicic^  «nd  hydrofluoric  acid  gases  from 
the  MBTALLIC  siLiciFLUOBiDBs  (page  445) ;  fluoboric  gas  and 
hydrofluoric  acid  from  the  metallic  noROFLUOKiDES  (page  447). 
The  METALLIC  suLFHURETs  treated  by  concentrated  sulphuric 
acid  disengage,  some  of  them  sulphuretted  hydrogen,  others 
sulphurous  add. 

*  It  ii  easy  to  recoj^niisc  a  volatile  acid  which  has  been  disen- 
gaged from  its  salts  by  sulphuric  add,  whether  it  has  undergone 
decomposition  or  not  previous  to  its  volatihsation.  In  most 
cases  the  odour  or  the  colour  of  the  gas  disengaged  is  sufficient 
to  dedde  what  add  may  be  contained  in  the  combination*  In 
order  to  acquire  conclusive  proofs  upon  tliis  subject,  the  combi- 
nation  must  be  treated  by  the  test  which  may  produce  distinc- 
tive and  characteristic  reactions  with  the  add  in  question,  and 
which  re-agents  have  been  indicated  in  the  first  part  of  this 
volume.  When  a  combination  contains  at  the  same  time  several 
volatile  acids,  they  may  easily  be  distinguished  from  each 
other. 

*  The  svLrniTBs  decomposed  by  means  of  the  adds,  cUsen- 
gage  the  characteristic  odour  of  sulphurous  add  only  when  they 

are  not  mixed  with  such  salts  as  give,  when  decomposed  by 
sulphuric  acid,  an  add  or  some  other  substance  which  easily 
abandons  its  oxygen,  for  example,  with  nUratea,  chlorates,  &c. 
In  the  same  manner,  when  a  suLrniTB  is  mixed  with  a  metallic 
snlphuret  which  evolves  sulphuretted  hydrogen  when  treated  by 
acids,  tliis  gas  destroys  the  liberated  sulphurous  acid  (page  450) ; 
in  such  cases  the  metallic  sulphuret  can  no  more  be  distinguished 
by  the  odour  of  solphuretted  hydrogen  than  the  sulphite  by 
the  odour  of  sulphurous  add,  unless  there  be  an  excess  of  one  or 
the  other  of  these  gases.  The  sulphites  which  are  decouiposed 
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by  ralphurie  Bcid  can  be  diitingiushed  by  the  odour  of  the  tul- 

pliLLi  ous  acid  disengaged  only  when  mixed  with  carbonates  or 
oxalates,  ^vith  metallic  chlorides  or  fluorides,  or  with  salts  contain- 
ing fixed  adds. 

*  The  same  ia  the  case  with  the  BTFoavLFBATEs  and  BYfo- 
8VLPHXTB8.  When  a  htfosulphiti  is  acoompanied  by  a  metal- 
lie  snlphnret  soluble  in  water,  as  is  the  case  when  snlphnr  has 

been  fused  with  an  alkaline  hydrate,  or  when  it  has  been  boiled 
with  the  solution  of  an  alkali,  the  presence  of  that  salt  can  be 
recognised  only  by  mixing  the  solution  with  an  excess  of  a 
neotral  salt  of  sine.  The  soluble  metallic  sulphuxet  precipitates 
sulphuret  of  sinc^  whilst  the  excess  of  the  salt  of  sine  and  the 
hyposulphite  remains  in  solution.  If  muriatic  acid  is  now  poured 
in  the  filtered  liquor,  the  presence  of  the  hyposulphite  is  detected 
by  the  odour  of  the  sulphurous  acid  disengaged^  and  the 
precipitate  of  sulphur  formed. 

*  The  NiTBiTSS  or  nitbatss,  even  whmi  mixed  with  several 
other  salts,  are  recognised  by  the  property  which  they  have  of 
fusing  upon  ignited  coals  The  nitrates  contained  in  a  mixture 
may  be  recognised  also  because  they  disengage  ruddy  vapours 
of  nitrous  add^  when  treated  by  copper  filings  and  sulphuric 
acid  (page  235).  Their  presence  in  a  concentrated  solution  is 
easily  detected,  even  in  presence  of  other  salts,  by  means  of  a 
protosalt  of  iron  and  sulphuric  acid  (page  233),  but  the  bleach- 
ing of  the  solution  of  iudigo  is  not  always  a  trustworthy  test, 

'  The  (K'flagration,  observes  Bcrzelius,  takes  platv>  only  with  the  fusible  nitrates ; 
tho»>c  vvhicJi  are  not  ho  must  l»c  perfectly  drieil,  iiml  then  heated  to  redness  in  a 
glass  tube  closed  at  one  vnd,  when  ruddj  luinc-s  will  soon  be  observed  rising  in  the 
giiiM  On  the  other  hand,  m  aeTenJ  other  wibattnene  hAKnhkiSbmmammumn 
when  thrown  opoo  ved-hok  diarcoal,  it  is  therefore  aboolatdj  neoMMoy  to  teet  dm 
compound  by  the  other  methods  which  have  been  doieribcd.  M.  A.  Vogel  hee 
mflicatcd  tlie  following  method  to  distinguish  the  nitratct  from  the  chicrcUeij  in  very 
dilute  golutious  ;  it  is  as  follows  : — Add  acetic  acid  to  the  solution  in  sufficient  tiuaiitit y 
to  render  it  acid,  and  pour  into  it  a  few  drops  of  tinctvure  of  htuiua.  If  there  be  any 
nitric  acid  in  the  solution  tlic  blue  colour  is  simply  changed  into  red,  but  it  is  eutirely 
bkeched  if  n  ehlonito  be  pnMOt  By  thie  ommib  one  perl  of  cUonte  may  be 
detected  in  five  hundred  parts  of  water.  Berseliiie  adds,  that  the  liqmd  mnet  not 
contain  less  tlum  of  its  weig^  of  dthotle  of  potaah,  else  4ie  reaelioa  cannot  be 
well  obaerved. — £dw 
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because  several  other  salts^  for  example  the  dUorites,  have  a 
similar  action. 

^  The  presence  of  the  ohlobatbs  and  bbouatbs,  even  when  • 
mixed  irith  several  other  salts,  is  easfly  recognised,  hecause, 

when  Qxposcd  in  the  dry  state,  in  a  small  retort,  to  a  iiiodcratc 
heat,  they  disengage  oxygen  (pages  246,265),  which  takes  place 
at  a  temperatoie  leas  elevated  than  that  required  by  the  nitrates 
to  produce  the  same  phenomenon.  The  ioda$t$  behave  in  the 
same  manner  (pages  257,259). 

*  The  CARBON ATB8  are  more  easily  recognised  than  almost 
any  other  salt,  even  when  mixed  with  many  other  salts,  by  the 
inodorous  gas  which  they  disengage  with  effervescence  when  an 
acid  is  poured  in  e\cii  motlcratcly  dilute  solutions.  I  have 
already  shown  (page  (302)  how  the  presence  of  carbonic  acid  can 
be  detected  when  the  salt  is  accompanied  by  a  metallic  sulphuret 
which,  when  decomposed  by  the  acids,  disengages  sulphuretted 
hydrogen  with  effervescence. 

*  The  presence  of  the  oxalates  is  indicated  in  solution  by 
their  characteristic  behaviour  with  solution  of  sulphate  of  lime 
(page  887)j  even  m  presence  of  other  salts,  for  of  all  the  uior- 
ganic  adds  which  sulphuric  add  displaces,  there  is  not  one  which 
presents  this  reaction. 

*  The  MANOANATEs  and  HYPBBMANOANATEs  are  80  easliy 
recognised  by  most  of  their  properties,  that  their  presence  is 
not  difficult  to  detect,  even  when  accompanied  by  other  salts. 

*  The  METALLIC  cu  LOR  IDES  aro  easily  recognised  in  solutions, 
even  when  they  contain,  besides  many  other  salts,  otlicr  acids  also, 
by  their  behaviour  towards  a  solution  of  oxyde  of  silver  (page  420). 
The  insolubility  of  the  precipitate  thus  produced  in  nitric  add 
is  a  more  characteristic  test  of  the  presence  of  chloride  of  silver 
than  the  solubility  of  that  same  precipitate  in  anunonia,  because 
though  cliloride  of  silver  is  very  soluble  in  volatile  alkali  yet  this 
re-agent  often  produces  in  the  solution  a  white  predpitate  of  other 
substances,  which  may  lead  an  inex})erienced  chemist  into  error 
by  making  it  appear  that  the  chloride  of  sih xr  is  not  soluble  in 
ammonia.    This  is  the  case,  for  example,  when  the  solution 
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eontains  peidhloride  of  mercury.   Bromide,  iodide,  hromaie,  and 

iodide  of  silver,  like  the  cLloride  of  this  metal,  are  insoluble 
in  dilute  nitric  acid. 

*  It  is  true  that  the  metallic  bromides  and  iodidks,  and  the 
BXOMATis,  are  easily  detected  in  aolutioii^  yet  the  openitor  is 
exposed  in  presence  of  these  substances,  to  overlook  that  of  a 
metallic  chloride.  I  have  already  said  (pages  4E9,  435)  how  a 
soluble  metallic  chloride  can  be  recognised  when  it  exists  in  a 
combination  aimultaneoualy  with  a  soluble  bromide  or  iodide. 

*  When  MSTALLic  BKOKinxs  or  chlobidbb  are  mixed  with 
some  salts  containing  a  metallic  add,  concentrated  sulphuiie 
add  may  disengage  iVom  such  mixtures  Tolalale  comlnnations 
of  chloride,  which  in  some  cases  have  a  characteristic  odour, 
for  example,  when  other  combinations  are  accompanied  by 
chromates  (page  423). 

*  The  presence  of  the  hbtallic  vluobibbs  is  very  easily 
detected  in  the  ordinary  way,  even  though  these  compounds  be 
accompanied  by  all  the  other  salts  (page  437). 

*  The  presence  of  the  metallic  7I.uobid£s  is  detected  in  the 
metallic  silicofluorides  by  the  means  deacnbed  before,  and 
PLVOEiDB  OF  siuciuM  is  gecogttised  by  the  inredpitate  of  siUdc 
add  which  the  alkalks  determine  in  the  solution. 

*  The  METALLIC  BOROFLUORIDES  .'IfC  dctCCtcd  ill  all  kilids  of 

combinations  by  decomposing  them  by  means  of  sulphuric  acid, 
in  consequence  of  which  they  attack  glass,  and  because,  when 
they  axe  mixed  afterwards  with  alcohol,  they  impart  a  green 
coloor  to  the  flame. 

*  I  haye  shown  (page  662)  how  the  presence  of  metallic 
SULPHURETS  cau  be  detected  in  mixed  compounds. 

B.  If  sulphuric  acid  has  failed  in  disengaging  from  the  com- 
binations any  volatile  add,  dther  in  a  decomposed  or  undeoom- 
posed  state,  the  combination  may  contain  iodic  acid,  phospho* 

BIC  ACID,  PHOSFHOBOUS  ACID,  HTPOPH08PHOBOU8  ACID,  BOBACIC 
ACID,  SILICIC  ACID,  and  several  otlier  acids,  for  the  detection  of 
which,  means  have  already  been  indicated  whilst  speaking  of  tiie 
detection  of  the  bases.  If  sblbnic  acid  is  present,  the  analyst's 
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attention  is  arrested  at  this  part  of  the  analysis,  because  the 
combination  disengages  chloiine  when  heated  with  muriatic 
acid^  the  aelenic  acid  being  at  the  same  time  converted  into  sele- 
nions  acid^  which  may  then  be  predpitatod  by  snlphnretted 
hydrogen  in  the  state  of  sulphuret  of  selenium. 

*  The  iODAT£8  arc  recognised  because  they  are  reduced  by 
the  re-acit^ts  into  metallic  iodides^  or  into  iodine^i  which  may 
then  be  easily  detected  by  staich. 

*  The  PHOSPHiTBS  and  btpophospritbs  are  easily  recognised^ 
because  they  produce  a  precipitate  of  subehloride  of  mercury 
when  poured  in  a  sohition  of  pcrchloride  of  mercury^  to  which 
a  little  muriatic  acid  is  added.  Yet  in  order  to  obtain  this 
reaction  it  is  necessary  that  an  excess  of  perchloride  of  mercury 
be  employed, otherwise  it  is  metaUic  mcrciu-y  which  is  preci[)itated 
£rom  the  solution  (pages  273^  277).  But  these  salts  behave  in 
such  a  chaiacteristic  manner  when  exposed  to  a  red  heat  that  th^ 
cannot  be  confounded  with  any  other*  When  bypophosphites 
are  heated  with  concentrated  sulphuric  acid  they  are  decomposed, 
sulphurous  acid  is  disengaged^  and  they  are  converted  into 
phosphoric  acid. 

*  Silicic  acid  is  completely  separated  £rom  its  alkaline 
solutions  by  eraporating  to  dryness  the  liquor  saturated  with 
muriatic  acid,  and  treating  the  residuum  by  water  (page  286). 

*  I  have  already  shown  (page  662)  what  is  to  be  done  for 
the  purpose  of  detecting  phobphouc  and  bobaoic  acids  in 
complicated  compounds. 


s.  analysis  of  thb  substances  which  abb  insoluble 

IN  WATER. 

*  Ip  the  substance  is  insoluble  in  water  it  must  be  dissolved 
in  hydrochloric  add,  or  sometimes  either  in  nitric  acid  or  in 
aqua  reffia.  Treated  by  hot  muriatic  acid^  several  insoluble 
peroiydes  disengage  chlorine ;  this  is  the  case  with  the  chbo- 

MATBS^    SELBNIATBS,    TANADATBS,    SBSQWIOXTDB   OP  CBBIVM^ 

SCSQUIOXYDE  OF    MANGANESE^  and   FEROXYDE  OF  MANGANESE, 
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nWOXTDE  OP  COBALV^  PBBOZTBB  OF  NICKBL,  MINIVM  {pOTWnfde 

phmbeux),  and  puce  oxydb  ot  lbai>  {turoxyde  pkmUnque). 

*  The  acid  solution  of  the  compound  is  next  treated  by  sul- 
pkoretted  hydrogen^  and  then  the  method  is  followed  which  has 
been  adopted  for  a  combination  soluble  in  water.  Atteutum 
should  be  paid^  however,  to  that  which  I  hare  said  touching  the 
analysis  of  mixed  compounds  insoluble  in  water  (page  66G). 

*  Among  the  combinations  which  are  only  partially  dissoU  cd 
by  acids,  there  are  many  silicates,  the  bases  of  which  are  par- 
tially dissolved  in  acids,  whilst  the  silicic  acid  remains  insoluble 
(pi^286). 

^  Among  the  substances  which  are  insoluble  in  water  and  in 

acids  arc  tliosc  mentioned  (page  645),  and  likewise  several 
simple  oxydes  after  strong  ignition,  for  example,  oxyde  of 
cuBOMiUM,  FEaoxYD£  OF  TIN,  TITANIC  ACID,  &c.,  and  a  great 
number  of  combinations  of  silicic  acid  with  the  bases  (page 
2S4).  A  separate  section  of  the  following  chapter  will  be 
devoted  to  the  quaUtative  analysis  of  the  combinations  of  silicic 
acid.  The  otlier  substances  of  which  I  have  just  spoken  dis- 
solve in  muriatic  acid  after  having  been  fused  with  three  times 
their  weight  of  carbonate  of  potash  or  of  soda. 
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CHAPTER  XU. 

COURSE  OF  THB  QUALITATIVE  ANALYSIS  OF  CERTAIN 
SUBSTANCES  FREQUENTLY  MET  WITH  IN  NATURE, 

AND  WniCn  CONTAIN  ONLY  CERTAIN  CONSTITU- 
ENTS THE  ANALYSIS  OF  WIIICU  MAY  BE  FACILI- 
TATED BY  A  SPECIAL  METHOD. 


*  Among  the  gdbfltanoes  wbich  comut  of  oertain  oonatitaeats 
only,  and  the  snalymfl  of  which  may  be  rendered  much  easier^ 
we  may  place  the  native  silicates  and  the  mineral  wateks. 

1.  ANALYSIS  OP  THB  NATIVE  SILICATES. 

*  The  best  method  of  aiuilysiug  these  compounds  which 
constitute  the  greatest  portion  of  the  minerals,  and  distinguish- 
ing them  from  those  which  contain  no  silicic  acidj  bonsiata  in  the 
use  of  the  blow-pipe.  In  effect,  by  fusing  them  upon  charcoal 
with  microcosmic  salt  the  sOicic  acid  remains  undissolved,  and 
whilst  the  blowing  is  continued  it  floats  about  in  the  fused  bead 
iu  the  form  of  a  translucid,  inturaesced  mass  (page  290). 

*  Most  of  the  combinations  of  silicic  acid  contain  only  a  small 
number  of  constituents^  which  generally  are  the  same  in  aU,  and 
differ  only  in  their  relatiye  proportions ;  wherefore  they  might 
very  well  be  compared  with  the  organic  substances  which  con- 
tain likewise  only  a  few  constituents^  though  they  so  much  vary 
in  the  relatiye  pnqpofrtion  of  the  materials  of  which  th^  con- 
sist.  The  ordinary  constituents^  and  which  consequently 
should  always  be  sought  for  in  unknown  silidfierous  compounds, 
are,  iudepeudcntly  of  silicic  acid:  alumina,  lime,  magnesia. 
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PBOTOZYDB  OF  iBON,  and  more  or  less  abundant  traoes  of  fbot- 
oxTDB  OF  MANOANB8B,  tok  ALKALI^  and  WATBB.   Bosides  these, 

the  siliceous  combinations  sometimes  contain  rare  oxydcs,  the 
presence  of  which  may  often  he  detected  before  the  blow-pipe  ; 
but  when  the  latter  oxydes  do  not  exist  in  it,  the  course  of  the 
qualitatiye  analyna  of  nUoeous  compoonds  is  yery  ample.  It  ia 
not  even  neceesaxy  when  the  operator  has  to  determine  the 
relative  quantities  of  the  constituents^  to  begin  by  the  researches 
prescribed  for  the  qualitative  analysis,  and  the  operator  may  at 
once  proceed  with  the  quantitative  analysis ;  observing,  of  course, 
the  rules  which  have  been  laid  down  in  the  second  volume  of 
this  work.  Art,  ^  Siuctuu" 

*  When  a  siliceous  combination  is  to  be  examined  in  the 
humid  way,  it  is  necessary  to  reduce  it  into  very  line  powder, 
and  if  muriatic  acid  can  decompose  it,  it  is  to  be  treated  by  this 
add  in  the  manner  described  (page  286) ' ;  but  previously  to 
this  a  portion  must  be  devoted  to  ascertain  by  the  method 
described  (page  592)  whether  it  contains  watbb.  Gfenerallv 
this  portion  of  the  combination  can  no  longer  be  used  in  the 
subsequent  operations  of  the  qualitative  analysis,  because  it  may 
often  occur  that  the  combinations  of  silicic  acid  resist  the  action 
of  muriatic  acid  after  having  been  ignited,  though  before  being 
ignited  they  may  have  been  susceptible  of  being  decomposed  by 
it  (page  289).  The  silicic  acid  which  is  separated  during  the 
decomposition  is  collected  upon  a  filter  and  washed,  and  then  its 
purity  is  examined.  For  this  purpose  a  small  portion  of  it  is 
tried  before  the  blow-pipe  with  soda  (page  290) ;  yet,  although 
soda  may  fuse  it  into  a  limpid  bead,  it  is  not  a  proof  of  perfect 
purity.   It  is  then  dissolved  with  the  help  of  heat  in  a  solution 

>  It  imiBt  be  remeniband  ttnt  perfeet  poltvriMtioa  Is  ollan  »  aim  qmd  mm 
conditioii  of  solnliilily;  and  in  all  mms  Ihe  grwtar      state  of  division  of  s  wah- 

stance,  the  more  rapidly  it  diMolvH.  Httd  bodioB  arc  wn^ped  in  a  piece  of  popov 
auJ  liroken  with  a  hammer  upon  an  anril,  or  crushed  in  a  vice,  and  the  particl'^s 
thus  obtainc-d  arc  then  thoroughly  pulverist*4  in  a  mortar  of  jvorphyry  or  of  a::at.-  ; 
and  the  i>uwdor  thua  obtained  ia  Bomctimes  ground  with  water  upon  au  agate 
table,  witli  a  muUar  of  the  same  material,  and  if  ueoeaeary  it  b  levigatod  snd 
dntristod.  Tlioao  minerals  wliidi  an  veiylisrdnMj  be  llxtt  exposed  to  and  host» 
and  then  aaddenly  qaendwd  in  cold  water  whilst  red-hot.^ — En. 
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of  carbonate  of  potash  or  of  soda.  This  sohitiou  is  mure  easily 
effected  when  it  has  not  been  ignited  than  when  it  has  (page 
284).  Tlie  liquor  is  decanted,  in  order  to  separate  it  from 
the  undissolved  portion  before  it  gelatinises,  and  the  operator 
must  try  to  dissolTe  the  residuum  by  adding  a  fresh  quantity  of 
solution  of  carbonate  of  potash  or  of  soda.  If  the  residuum  now 
disappears  the  silicic  acid  may  be  considered  pure:  in  the 
contrary  case  the  liberated  silicic  acid  was  not  pure :  then  in 
most  cases  the  deoompodtion  of  the  combination  by  muriatic 
acid  has  not  been  complete,  and  that  which  the  alkaluie  carbo* 
nate  has  left  undissolved  consists  generally  in  an  undecomposed 
portion  of  the  siUccous  compound  which  has  resisted  the  action 
of  the  muriatic  acid  because  it  was  not  in  a  suihciently  hue 
atate  of  division;  it  should  then  be  pulverised  again,  endea- 
Touring  to  decompose  it  completely  by  muriatic  add.  It 
often  happens,  however,  that  the  siliceous  compound  which  is 
decomposable  by  muriatic  acid  is  more  or  less  mixed  with 
anotlicr  siliceous  compound  on  wliich  acids  have  no  action,  and 
this  remains  undissolved  when  treated  by  a  solution  of  alkaline 
carbonate.  In  a  few  rare  cases,  however,  muriatic  add  leaves 
traces  of  undissolved  portions  of  the  combination;  this  happens, 
for  example,  with  the  combinations  which  contain  glucina, 
Glucina  sometimes  forms  with  certain  metallic  oxydes,  for 
example,  with  peroxyde  of  tin,  of  cerium,  and  of  manganese, 
combinations  which  are  completely  decomposed  by  adds.  This 
point  will  be  more  amply  examined  further  on. 

*  When  it  has  been  ascertained  by  means  of  the  blow-pipe 
that  the  combination  under  examination  contains  much 
a  little  nitric  acid  is  to  be  poured  in  the  muriatic  acid  Uquor  fil- 
tered from  the  silicic  add,  with  which  the  water  which  has  served 
to  wash  the  precipitate  must  not  yet  be  mixed,  and  the  whole  is 
heated  in  order  to  convert  the  protoxyde  of  iron  into  peroxyde 
of  iron ;  after  which  the  water  of  the  w  ashings  is  added  :  yet  no 
nitric  add  should  be  added  to  the  hquor  when  the  combination 
contains  no  iron.  A  slight  excess  of  ammonia  is  then  added  to 
this  liquor,  and  the  pred^tate  which  may  thus  be  produced  is 
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filtered  as  rapidly  as  possible ;  this  precipitate  may  consist  of 
ALUMINA  aud  of  PEROXYDE  OP  IRON,  if  thcsc  two  basBs  exist  in 
the  compound.  If  the  precipitate  is  pure  white,  it  is  alumina 
alone ;  but  if  it  is  more  or  less  hwwn,  it  conmsts  either  of 
rsEOzTDB  Of  IRON  alone,  or  of  a  mixture  of  pbboztdb  or  iron 
and  ALUMINA.  It  is  to  be  scraped  whilst  yet  moist  from  the 
filter,  and  it  is  boiled  with  solution  of  pure  potash,  and  the 
undissolved  peroxyde  of  iron  is  filtered  from  the  hquor.  If 
muriate  of  ammonia  being  now  poured  in  the  filtered  liq[iior 
produces  a  white  precipitate^  it  is  a  sign  that  alumina  is 
present. 

*  If  tlic  substance  contained  magnesia,  and  protoxyde  op 
MANGANESE,  portions  thcrcof  are  Ukcwisc  separated  by  ammonia, 
and  this  in  so  much  greater  proportion  as  the  liquor  in  which 
the  ammonia  has  been  poured  was  less  add.  K  the  liqnor  was 
anffidently  add,  the  traces  of  these  two  substances  are  so  trifling 
that  they  need  not  be  taken  into  aooonnt  in  a  qnaUtatire  analysis. 
Yet  a  small  portion  of  protoxyde  of  raan^^lllesc  is  suihcicnt  to 
impart  a  brown  colour  after  some  time  to  the  precipitate  produced 
by  anmionia^  because  that  oj^de  absorbs  oj^gen,  and  is  trans- 
formed into  sesquioigrde  of  manganese. 

*  If  there  be  neither  otoMiia,  nor  protoxyde  of  iron,  the 
liquor  filtered  from  the  siUcic  acid  yields  no  precipitate  when 
ticatcd  by  ammonia,  or  if  an  abundance  of  mafjnesia,  or  of 
protoayde  qf  manganese  in  the  combination  should  cause  one  to 
appear,  it  would  completely  redissolye  in  a  solution  of  muriate 
of  ammonia^  which  does  not  happen  when  it  contains  abmmtL 
and  peroayde  of  iron. 

*  If  to  the  Hquor  filtered  from  the  precipitate  produced  by 
ammonia^  a  solution  of  oxalic  acid  and  some  ammonia  are  added, 
taking  care  that  the  ammonia  is  in  slight  excess,  or  else  if  a  solu- 
tion of  oxalate  of  ammonia  is  poured  into  it»  the  limn  will  then 
be  predpitated.  Its  absence  may  be  regarded  as  certain  when 
oxalate  of  ammonia  fails  in  producing  a  precipitate  even  after 
a  long  time.  The  oxalate  of  lime  thrown  down  may  often 
contain  a  little  oxalate  of  manganese,  owing  to  which  it  has 


Digitized  by  Google 


ANALYSIS  OF  THE  NATIVE  SILICATES.  703 

a  brownish  tinge  when  there  is  an  excess  of  ammonia.  The 
oxalate  of  lime  is  left  at  rest  for  some  time,  and  then  it  is 
gently  warmed  in  order  to  allow  it  to  settle  well,  after  which  it 
is  filtered. 

*  Oxalate  of  ammonia  mast  now  be  poured  in  the  filtered 

liquor  in  order  to  be  sure  that  all  the  lime  has  been  thrown 
down;  this  precaution  should  never  be  neglected.  A  small 
quantity  of  solution  of  pltosphate  of  soda  aud  a  little  ammonia 
are  now  added  to  a  portion  of  this  filtered  liquor.  (The  ammonia 
needs  not  be  added  if  already  in  sufficient  ^cess).  K  a  pre- 
cipitate is  thereby  prodnoed^  it  is  a  proof  of  the  presence  of 

MAG  N  ESI  A. 

*  Beginners  very  often  fail,  when  the  liquor  contains  lime^ 
in  precipitating  it  completely  by  means  of  oxalate  of  ammonia^ 
and  are  afterwards  led  to  believe  (after  filtering  the  am- 
moniacal  liquid  tnm  the  oxalate  of  lime)  that  they  now  find 
magnesia,  because  of  a  precipitate  being  formed  by  testing  with 
phosphate  of  soda ;  but  the  precipitate  is  often  nothing  else  than 
phosphate  of  lime.  Wherefore  it  is  always  well  to  examine 
whether  the  ammonio-magnesign  phosphate  precipitated  should 
not  perchance  contain  Ume.  The  best  way  of  obtaining  a 
conclusiye  proof  in  this  respect  consists  in  dissoHmg  the  preci- 
pitate in  muriatic  acid,  and  adding  a  little  sulphuric  acid  to  the 
solution^  together  with  a  pretty  large  quantity  of  alcohol  at  fifty 
or  sixty  per  cent.,  by  which  means  a  precipitate  of  sulphate  of 
lime  IS  formed,  eren  if  the  proportion  of  lime  be  yeiy  small.  If 
the  precipitated  magnesia  contained  no  lime^  no  precipitate  is 
thus  formed.  The  sulphate  of  lime  thrown  down,  as  just  said, 
is  not  generally  free  from  magnesia.  But  when  the  phosphatic 
precipitate  contains  no  lime  at  all,  the  operation  just  mentioned 
determines  no  precipitate. 

*  If  the  combination  contains  no  mofffiesia,  another  portion 
of  the  solution,  to  which  no  phosphate  of  soda  has  been  added, 
is  evaporated  to  dryness,  and  the  residuum  is  ignited  to  expel 
the  ammoniacal  salts.  If  during  the  course  of  the  auidysis  no 
nitric  acid  has  been  used  ibr  the  purpose  of  peroxydising  the 
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protoxyde  of  iron,  a  platmiim  cradble  may  very  well  bo  used  for 
igniting  the  dried  mass.  After  ignition  the  alkali  remains  in 
the  state  of  a  metallic  chloride.  It  is  to  be  dissolved  in  a  small 
quantity  of  water,  and  its  nature  is  determined  according  to 
the  rules  which  we  hare  indicated  (pages  659,  689).  After 
dissolving  the  alkaline  chloride,  there  ordinarily  remains  still 
a  small  quantity  of  silicic  acid  in  an  insoluble  state. 

*  Yet  when  the  siliceous  combination  contains  magnesiaj  the 
detection  of  the  alkali  is  more  difficult.  In  that  case  the 
operator  must  take  a  portion  of  the  solution  to  which  no  phos- 
phate of  soda  has  been  added,  and  treat  it  as  we  have  described 
(page  G59).  It  must  be  remarked,  however,  that  it  is  rare  that 
the  siliceous  combinations,  which  are  easily  decomposed  by  acids, 
contain  both  an  alkali  and  magnesia  simultaneously. 

*  The  presence  of  pbotoxtdb  ov  manoanisb,  of  which 
only  veiy  small  traces  exist  in  siliceous  combinations,  is  more 
easily  recognised  before  the  blow-pipe  than  in  the  humid  way 
(page  65). 

*  K  the  siliceous  combination  is  not  decomposed  by  muriatic 
acid,  it  is  reduced  into  Teiy  fine  powder,  and  fused  in  a  platinum 
crucible,  with  three  times  Its  wdght  of  carbonate  of  potash  or  of 
soda.  The  best  mode  is  to  lerigate  it  first.  When  the  siliceons 

combination  is  mixed  witli  five  parts  of  carbonate  of  potasli, 
and  four  parts  of  carbonate  of  soda,  and  the  whole  heated 
in  a  small  platinum  crucible,  the  flame  of  a  good  spirit-lamp 
is  sufficient  to  fuse  it,  and  completely  to  decompose  it.  It  is 
welly  howerer,  in  such  a  case,  to  take  more  than  three  times 
its  weight  of  the  alkaline  carbonate.  During  the  fusion  a 
disengagement  of  carbonic  acid  is  taking;  place,  Avliieh  causes 
projections  of  the  mass,  so  that  this  method  cannot  be  resorted 
to  for  a  quantitative  analysis. 

^  The  mass  which  may  be  partially  melted,  and  only  partially 
agglomerated  (page  286)  is  treated  by  water,  after  which  an 
excess  of  muriatic  acid  is  poured  in  the  liquor.  The  aqueous 
liquor  is  green,  as  well  as  the  fused  mass,  if  it  contains  the  least 
trace  of  protoxyde  of  manganese.   The  green  liquor  becomes 
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fed  by  addition  of  a  small  quanti^  of  muriatic  add^  an  ezoeaa 
of  wMch^  especially  witii  the  lielp  of  beat,  in  course  of  time  dis* 
colours  it  under  disengagement  of  chlorine  (page  320) .  Where- 
fore the  super  saturation  with  muriatic  acid  must  not  be  effected 
ill  a  platinum  crucible. 

*  The  acid  liquor  is  evaporated  to  dryness  in  a  porcelain 
capsnlay  and  the  residuum  is  treated  by  water,  which  leaves  th^ 
silicic  add  undissolved  (page  285).  As,  however,  magnesia, 
alumina,  and  peroxyde  of  iron,  after  having  evaporated  to  dryness 
their  muriatic  acid  solutions,  and  heated  the  residuum  somewhat 
too  strongly,  might  fail  in  dissolving  completely  in  water,  the 
mass  which  is  left  after  the  evaporation  must  be  uniformly 
diendied  with  concentrated  muriatic  add,  and  left  in  contact 
with  it  for  about  a  quarter  of  an  hour ;  water  is  then  atidcd,  the 
undissolved  silicic  acid  is  separated  by  filtering,  and  the  filtered 
liquid  is  treated  in  the  same  manner  as  the  muriatic  acid  solution 
separated  firom  the  silide  add  which  is  obtained  when  silioeons 
substances  have  been  decomposed  by  muriatic  add. 

*  If,  however,  the  sUiceous  compound  contains  an  alkali,  its 
presence  cannot  be  detected  by  treatment  with  carbonate  of 
potash  or  of  soda.  In  order  to  ascertain  the  presence  or  absence 
of  the  alkali  in  the  combination,  a  separate  operation  must  be 
performed.  In  qualitative  analysis,  a  suffident  degree  of  aocur 
racy  is  obtained  by  levigating  the  siliceous  compound,  and 
mixing  it  with  about'  four  or  five  times  its  weight  of  nitrate  of 
baryta  reduced  to  powder,  and  carefully  igniting  the  mixture  in 
a  silver  crucible,  until  the  nitrate  of  baryta  is  decomposed.  It 
is  advisable,  before  mixing  the  nitrate  of  baryta  in  fine  powder 
with  the  siliceous  combination,  to  dry  it  for  a  long  time,  in  order 
that  it  should  not  decrepitate  too  violently  when  the  heat  is 
applied.  The  flame  of  the  spirit-lamp  may  be  employed  to  heat 
the  mass  which  undei^;oes  a  strong  intumescence  as  soon  as  the 
nitrate  of  baryta  begins  to  decompose.  When  this  intumes- 
cence has  ceased,  the  silver  crucible  is  heated  upon  a  charcoal 
fire  as  strongly  as  can  be  done  without  fusing  the  crucible. 

*  Aftier  ignition,  the  mass  is  softened  by  water,  and  then  it  is 
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supersaturated  in  a  glass  with  muriatic  acid.  Tlic  acid  liquor  is 
evaporated  to  dryness  in  a  porcelaiii  capsula,  and  the  dry  mass  is 
drenched  with  concentrated  muriatic  add.  It  is  then  left  al  vest 
for  about  a  quarter  of  an  hour,  water  is  poured  upon  it,  and  the 
silicic  acid  being  insoluble,  is  separated  by  filtering.  A  little 
sulphtiric  acid  is  now  added  to  the  filtered  liquid  so  as  to  preci- 
pitate the  greatest  portion  of  the  barytai^  but  not  all^  in  the  state 
of  sulphate  of  baryta,  and  it  is  then  supersaturated,  without 
filtering  it^  with  solution  of  carbonate  of  ammonia^  which  pre- 
cipitates the  baryta  which  is  still  held  in  solution,  as  well  as  the 
alumina  and  peroxydc  of  iron  of  the  siliceous  combination.  The 
precipitate  is  then  separated  by  filtering,  and  the  filtered  liquid 
is  concentrated  by  evaporation,  by  which  means  the  greatest 
portion  of  the  excess  of  carbonate  of  ammonia  is  Tolatiliscd. 
A  little  sulphuric  add  is  now  added  to  precipitate  the  baryta 
which  might  still  remain,  because  carbonate  of  baryta  is  not 
absolutely  insoluble  in  water;  yet,  ordinarily,  the  solution  con- 
tains baryta,  only  when  the  predpitate  produced  by  carbonate 
of  ammonia  has  been  washed  for  a  long  time.  It  is  particularly 
necessary  to  ayoid  using  too  much  stdphuric  add. 

*  Aflter  separating  the  precipitate  (if  any  is  produced)  by 
filtering,  the  liquor  is  evaporated  to  dryness,  and  the  dry  resi- 
duum is  ignited  in  order  to  decompose  the  ammoniacal  salt^. 
The  alkali  contained  in  the  combination  remains  then  in  the 
state  of  sulphate,  and  its  nature  may  be  subsequently  deter* 
mined.  If  the  couibination  contains  several  alkalies,  their  pre- 
sence may  be  ascertained  by  the  means  which  have  been 
indicated  in  Chapter  VIII. 

*  If  magnesia  exists  in  the  compound,  it  is  found  in  the  state 
of  sulphate,  with  the  sulphate  of  alkali,  from  which  it  may  be 
separated  in  the  manner  described  in  Chapter  VIII. 

*  The  decomposition  of  siliceous  compounds  must  not  be 
efiected  by  nitrate  of  baryta  in  quantitative  analysis,  as  will  be 
shown  in  the  second  volume,  but  in  qualitatiye  analysis  it  is 
more  advantageous  to  employ  it  than  cfurbonate  of  baryta. 

*  Another  method  of  decomposinjj,  in  qualitative  analysis. 
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siliceous  compounds  which  contain  an  alkali,  and  which  cannot 
be  dfioomposed  by  acids^  is  the  following : — ^The  combination  is 
reduced  into  veiy  fine  powder  bylevigation^  and  the  powd^  is 
mixed  in  a  platinnm  capsnla  or  cmcible,  with  abont  five  parts  of 

fluor-spar  finely  pulverised,  and  free  from  all  metallic  substance. 
To  this  mixture  concentrated  sulphuric  acid  is  added  to  creamy 
oonsifltenoe,  and  the  whole  is  well  stirred  with  a  platinum  wire, 
and  not  of  oouxse  with  a  ^ass  tube.  The  platinum  vessel  is 
now  heated  to  incipient  redness,  so  that  the  excess  of  sulphuric 
acid  volatilises  along  with  fluoride  of  silicium  gas,  and  hydro- 
fluoric acid  gas. 

*  After  cooling,  the  ignited  mass  is  placed  in  an  ordinary 
glass,  water  is  poured  i^n  it,  and  it  is  digested  therein  with  the 
help  of  heat  for  a  long  time.  That  which  remains  insoluble 
consists  for  the  most  part  of  sulphate  of  lime.  The  residuum  is 
separated  by  filtering  and  washed  several  times.  A  solution  of  car- 
bonate of  ammonia,  or  of  oxalate  of  ammonia  and  of  pure  ammo- 
mA,  is  now  added  to  the  filtered  liquid,  in  order,  completely,  to 
precipitate  the  peroxyde  of  iron,  aLumina,  and  the  portion  of 
lime  which  the  sulphuric  add  has  not  separated.  Some  time  is 
allowed  to  elapse  in  order  to  permit  the  precipitate  to  settle  well 
at  the  bottom,  and  the  mass  is  then  filtered.  The  Altered  liquor 
is  now  evaporated  to  dryness,  and  the  residuum  ignited  in  a  pla- 
tinum crucible.  This  ignited  residuum  consists  of  sulphate  of 
alkali,  which  may,  however,  be  mixed  with  sulphate  of  magnesia 
if  that  body  be  present.  With  a  few  peculiar  directions,  wliich 
will  be  given  in  the  second  volume,  this  method  is  applicable  to 
quantitative  analysis,  yet  it  is  advisable  to  resort  to  it  only  for 
the  purpose  of  detecting  the  presence  of  an  alkali  in  siliceous 
compounds. 

^  The  best  method  for  qualitative  and  quantitative  analysis  for 
the  detection  and  determination  of  the  alkali  contained  in  siliceous 
compounds  which  are  not  attacked  by  muriatic  acid,  consists  in 
decomposing  it  by  ooncentrated  hydrofluosilicic  add.  This 
method  can,  however,  be  resorted  to  only  with  the  hdp  of  a 
platinum  retort,  because  hydrofluoric  add  does  not  keep  well, 
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and  cannot  be  rapidly  prepared  in  the  pure  state  with  pulverised 
fluor-spar  and  concentrated  sulphuric  acid  except  hy  diatillation 
in  a  platiuam  retort,  but  as  a  platinum  retort  cannot  always  be 
procured^  one  of  lead  may  be  tubstitated. 

*  Hydroflnoric  add^  in  order  to  effect  this  decomposition, 
must  be  concentrated.  The  silicic  combination  under  c.vauiina- 
tion  is  hrst  reduced  into  flue  powder  by  levigating.  The  powder 
is  dried,  put  in  a  platinum  cmcible,  and  the  add  ia  poured  upon 
it,  whidi  produces  a  violent  reaction,  and  the  whole  is  stirred  with 
a  stout  platinum  wire ;  sulphuric  add  is  then  cautiously  added, 
and  evaporated  to  diyness^  taking  care,  towards  the  end,  to  heat 
the  crucible  to  indpient  redness,  in  order  to  volatilise  completely 
the  fluoride  of  silidum  gas  whidi  will  have  formed,  and  also  the 
excess  of  hydrofluoric  and  of  sulphuric  adds.  A  small  quan* 
tity  of  concentrated  muriatic  add  may  be  poured  upon  the  red* 
duum  in  order  to  render  the  alumina,  peroxyde  of  iron,  and 
magnesia,  soluble  in  water,  because  the  combinations  of  these 
substances  become  insoluble  after  having  been  strongly  heated, 

*This  method  of  decomposing  silioeous  combinations  by 
hydrofluoric  add  enables  the  operator  easily  to  detect  the  pre- 
sence of  all  the  constituents  of  the  compoimd  except  silicic  acid, 
which  volatilises  iii  the  state  of  fluoride  of  silicium  gas.  A 
quarter  of  an  hour  after  having  drenched  the  mass  with  muriatic 
add,  water  is  poured  upon  it,  whidi  generally  leaves  a  little 
silidc  add  undissolved.  Yet  it  must  not  be  filtered  directly, 
because  a  small  quantity  of  silidc  add  may  easily  pass  through 
the  filter  and  render  the  liquor  turbid. 

*  If  the  combination  contains  limb,  the  residuum  left  by 
water  must  be  well  washed  for  the  purpose  of  dissolving  the 
sulphate  of  lime  produced.  Ammonia  is  then  added  to  the 
solution,  which  precipitates  the  alumina  and  peroxydb  of 
IRON.  The  liquor  is  filtered,  and  the  addition  of  oxalic  acid 
and  ammonia  precipitates  the  lime.  The  Uquor  is  then  filtered 
firom  the  predpitate  and  evaporated  to  dryness.  The  residuum 
is  ignited  in  order  to  vdatilise  the  ammoniacsl  salts,  after 
which  the  alkali  ranains  in  the  state  of  sulphate,  whidi, 
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however,  may  be  mixed  with  sulphate  of  nmynesia,  if  the 
combination  contained  any  magnesia. 

^  There  U  %  small  number  of  sUioeona  oombiiiatioiia  wjiich 
can  lie  Gompletely  decomposed  ndther  by  adds  nor  by  fosing 
with  an  .ilkulinc  carbonate,  and  which  resist  also  the  action  of 
hydroiluoric  acid;  we  have  given  their  names  (page  289).  To 
analyse  them  q[iialitaiiTely^  the  following  method  is  resorted 
to : — The  combination  is  reduced  into  very  fine  powder  by 
levigation,  the  powder  is  pnt  in  a  silver  crucible,  and  a  very 
concentrated  solution  of  pure  potash  being  poured  upuu  it,  the 
whole  is  evaporated  to  dryness,  taking  care  to  stir  it  constantly 
with  a  silver  spatula.  The  residuum  is  next  ignited  in  the 
crucible  with  as  high  a  heat  as  the  cradble  can  bear  without 
fusing.    The  ignited  mass  is  then  softened  with  water,  and 
washed  in  an  ordinary  glass,  and  treated  in  the  same  manner 
as  the  siliceous  combinations  which  have  been  ignited  with  an 
alkaline  carbonate. 

*  Several  combinations,  however,  arc  found  in  nature,  ^Inch 
besides  the  constituents  which  we  have  just  enumerated,  and 
which  are  of  most  firequent  occurrence,  contain  also  other  con- 
stituents of  a  rare  nature.  These  constituents,  more  rarely  met 
with  in  siliceous  compounds,  exist  in  them  only  in  very  small 
quantities,  so  that  it  often  happens  that  their  presence  is  over- 
looked in  qualitative  analysis.  We  will  not  only  name  the 
siMceous  combinations,  in  which  they  have  hitherto  been  found, 
but  give  also  the  means  by  which  their  presence  can  be  best 
ascertained. 

1.  Baryta. — It  has  hitherto  been  found  only  in  the  barytic 
HAEicoTOMB,  and  in  bbiwbtbbitb.  The  best  method  of  isola- 
ting it  from  the  muriatic  add  liquor  filtered  firom  the  silicic 

acid  consists  in  pouring  siUphuric  acid  in  the  liquor,  by  which 
it  is  precipitated  in  the  state  of  sulphate  of  baryta,  which  is 
insoluble.  If  the  mineral  contained  at  the  same  time  much 
LiHX,  a  great  quantity  of  sulphate  of  lime  is  simultaneously  pre- 
cipitated, which,  however,  might  be  separated  by  water  alone 
irom  the  sulphate  of  baryta.    Should,  however,  the  combination 
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contain  strontia  or  protoxyde  of  lead,  these  bases  would  like- 
wise be  precipitated  from  the  muriatic  acid  solution  by  sulphuric 
acid.  We  have  said  (page  G78)  how  baryta,  in  the  atate  of 
sulphate,  can  be  diatmguiahed  from  these  two  oxydes. 

*  2.  Stbontia. — Connel  detected  it  oofigoiiitiy  with  baiyta 
and  lime  in  Brewsterite.  It  is  precipitated  by  sulphuric  acid 
from  the  liquor  filtered  from  the  silicic  acid ;  and  the  methods 
described  (page  65b)  are  then  adopted  in  order  to  separate  it 
&om  the  baryta  and  lime. 

*  8.  Glvcina  is  found  in  the  sHSitALn,  bvclasb,  ctmophanb^ 
and  iiELviNE.  In  the  tiiiec  first  of  these  compounds  it  is 
accompanied  by  alumina,  with  which  it  may  be  easily  con- 
founded. When,  in  the  course  of  an  analysis,  ammonia  is 
poured  in  the  liquor  filtered  from  the  silicic  add,  the  precipitate 
produced  by  this  re-agent  contains  the  glucma  of  the  com- 
bination. In  order  to  demonstrate  the  presence  of  this  earth, 
the  precipitate,  whilst  still  racist,  is  dissolved  in  the  smallest 
possible  quantity  of  muriatic  add,  and  to  this  concentrated 
solution  a  tolerably  large  excess  of  solution  of  carbonate  of 
ammonia  is  added,  with  which  the  precipitate  is  left  in  contact 
for  some  time,  and  preferably,  in  a  stoppered  flask.  After 
filtering  the  licjuor  from  tlic  insoluble  residuum,  the  glucina  is 
contained  in  the  filtered  liquor  from  which  it  may  be  obtained 
by  eyaporating  it,  and  tested  by  the  re-agents,  as  we  have  said 
(page  48). 

*  Hblvinb  contains  so  much  protoxyde  of  manganese,  that 

unless  the  glucina  precipitated  by  ammonia  be  filtered  rapidly, 
a  certain  quantity  of  manganese  falls  down  with  it,  from  which, 
however,  it  may  be  separated  by  a  solution  of  pure  potash. 

*  Ghicina  exists  also  in  small  quantity  in  some  wieties  of 
gaddinite,  in  the  analysis  of  which  mineral  it  may  be  separated 
from  yttria  by  solution  in  pure  potasli. 

*  But,  whereas  ghicina  has  much  resemblance  with  alumina, 
it  is  necessary  to  examine  whether  the  alumina  which  has  been 
obtained  in  analysing  siliceous  compounds,  contains  any  of  it. 
It  should,  therefore,  be  tested  before  the  blow-pipe  with  solution 
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of  nitrate  of  cobalt  (page  47).    If  a  pure  blue  colour  is  thus 

prodaoed,  tbe  alumina  is  free  from  gluciua ;  if,  on  the  contrary, 
it  is  a  dirty  blue,  it  is  advisiiblc  tojsubmit  the  alumina  to  the 
action  of  the  appropriate  rc-n«^ents  for  the  detection  of  ghicina. 

Thosina. — ^Thifl  earth  haa  been  found  by  Beneliua  in 
thorite  alone.  The  following  method  was  resorted  to  hy  him 
for  the  purpose  of  demonstrating  its  presence  and  separating  it 
from  tlie  otlier  constiluuiits : — The  iniueral  was  first  reduced 
into  powder,  and  decomposed  hy  muriatic  acid.  The  liquor 
filtered  from  the  silicic  acid  was  precipitated  by  ^mmnnift^ 
the  precipitate  diBsoWed  in  muriatic  acid^  andjthe  add  liquor 
was  freed  by  a  current  of  sulphuretted  hydrogen  from  traces  of 
protoxyde  of  lead  and  of  peroxydc  of  tin.  The  liquor  filtered 
from  these  precipitated  sulphurcta  was  evaporated  to  dryness, 
the  residuum  redissolyed  in  water^  and  the  solution  boiled  with 
a  solution  of  potash^  which  dissolved  a  trace  of  alumina^  and 
precipitated  the  thorina.  To  separate  it  from  the  peroxyde  of 
iron,  ])rotoxyde  of  man  trams  tv,  and  peroxyde  of  uranium,  it 
was  rcdissolved  in  muriatic  acid,  and  the  solution  was  next 
neutralised  by  ammonia,  and  concentrated  by  evaporation.  It 
was  then  left  in  contact  with  crystals  of  sulphate  of  potash 
as  long  as  it  continued  to  dissolve  that  substance ;  the  pulve- 
rulent precipitate  wliicli  was  thus  obtained,  was  washed  witli  a 
saturated  solution  of  sulphate  of  potash,  in  which  the  double 
salt  of  thorina  is  insoluble  (page  51),  then  dissolved  in  hot 
water  and  again  precipitated  by  a  solution  of  potash. 

*  5.  Yttria. — ^It  is  met  with  in  oai>olinites,  and  also  in 
ORTHITE,  and  pyrorthite.  When  ammonia  is  added  to  tlie 
solution  filtered  from  the  siUcic  acid,  yttria  exists  in  the  preci- 
pitate which  is  thus  formed.  If  this  precipitate  be  treated  by 
a  solution  of  pure  potash,  the  yttria  will  be  thus  separated  from 
the  alumina  and  gludna  which  it  might  contain.  That  which 
has  been  left  undissolved  by  the  potash  is  dissolved  in  muriatic 
acid ;  the  solution  is  diluted  with  a  small  quantity  of  water,  and 
if  a  crystalline  crust  of  sulphate  of  potash  be  now  plunged  in  it, 
the  protoxyde  of  cerium,  which  gadolinites  and  orthites  always 
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con(u%  will  be  precipitated.  The  crystalB  of  the  salt  n&uat 
be  left  in  oontact  with  the  liquor  for  twenty-four  honrs,  the 

precipitate  which  is  thns  formed  is  washed  with  a  saturated 
solution  of  sulphate  of  potash  in  which  protoxyde  of  cerium  is 
insoluble^  and  yttbia  soluble  (page  53).  The  filtered  liquor 
then  contains  the  yttria,  which  may  be  precipitated  by  ammonia. 
This  re-agent,  however,  precipitates,  at  the  same  time,  peroxyde  of 
iron  which  exists  in  the  luiiierul.s  in  (jucstion  iu  the  state  of  prot- 
oxyde of  iron.  These  two  substances  may  be  sufficiently  well  sepa- 
rated from  each  other  by  saturating  exactly  the  add  liquor  with 
ammonia,  and  then  adding  a  solution  of  succinate  of  smmonia 
which  precipitates  the  peroxyde  of  iron  in  the  state  of  succinate 
of  iron  [persuccinatc  of  iron] .  An  excess  of  ammonia  being  then 
poured  iu  the  filtered  liquor  precipitates  the  yttria  therefrom. 

6.  P&oTOXYnE  OF  CBJUUii  is  met  with  in  cjuute  and  cxaiNs, 
also  in  oADOLiiriTSS,  obthitb^  and  ptbobthitb^  and  in  general 
in  all  the  minerals  which  contain  yttria,  which  it  almost  always 
accompanies.  We  have  just  said  in  spesJung  of  yttria,  which  it 
much  resembles,  how  they  can  be  separated  from  each  other. 

*  7.  ZiRcoNiA. — ^It  is  an  essential  constituent  of  xibcoNj  and 
according  to  Stromeyer,  of  bvdialitb. 

*  After  having  decomposed  the  nnxm  by  treatment  with  pure 
potash,  or  pure  soda,  which  operation  is  di£Scultly  performed, 
the  if^nited  mass  is  treated  as  usual  by  muriatic  acid,  and  the 
silicic  acid  is  separated  by  evaporation ;  but  a  very  gentle  heat 
only  must  be  used,  because  without  this  precaution  there  might 
remain  a  large  qnantily  of  droonia  in  an  undissolved  state  along 
with  tiie  silicic  add.  The  silidc  add  is  separated  by  filtering; 
ammonia  i»  poured  m  the  filtered  liquid  in  order  to  precipitate 
the  zircouia.  If  the  zircon  under  examination  contains  traces 
of  peroxyde  of  iron,  they  are  precipitated  along  with  the  xirconia. 

*  In  eudialite,  siroonia  is  combined  not  only  with  silicic 
add,  but  likewise  with  lime,  soda,  peroxyde  of  iron,  sesquioxyde 
of  manganese,  and  a  small  quantity  of  chloride  of  sodiiun. 
After  decomposing  it  by  muriatic  add,  and  separating  the  sihcic 
add,  xiroonia  is  predpitated  by  ammonia,  as  in  the  analysis  of 
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the  zircon^  and  the  pero&yde  of  iron  is  precipitated  simultaiieoaslj 
with  the  sizoonia.  In  qualitatiTe  analyuB^  pmxyde  of  iron  may 
be  aeparated  tolerably  well  from  rircoma  by  collecting  the 

precipitate  on  a  filter,  and  igniting  it  strongly.  The  zirconia 
is  thereby  rendered  insoluble  in  muriatic  add  (page  58),  by 
which  acid  the  greatest  part  of  the  peroxyde  of  iron  may  thus 
be  aeparated  from  the  ignited  maaa.  The  following  method 
which  ia  alao  employed  in  qnantitatiTe  analyaia  is  better:  it  con- 
sists in  pouiiiig  tartaric  acid  in  the  muriatic  acid  solution  of 
zirconia  and  of  peroxyde  of  iron^  for  in  presence  of  that  acid 
these  two  bases  are  not  precipitated  from  the  solutions  by  the 
alkalies  (pages  58,  92) ;  by  pouring  afterwards  hydrosqlphuret 
of  ammonia  in  the  solution  previously  supersaturated  with 
ammonia^  the  peroxyde  of  iron  is  precipitated  in  the  state  of 
sulphuret  of  iron.  In  order  to  obtain  the  zirconia  contained  in 
the  liquor  filtered  from  the  sulphuret  of  iron,  the  liquor  must 
be  evaporated  to  dryness,  and  the  dry  residuum  ignited  in 
contact  with  the  air  until  the  carbon  of  the  tartaric  acid  is 
burnt.  The  zuconia  is  then  left  in  the  state  of  a  powder 
insoluble  in  acids. 

*  8.  OxYDE  OP  ZINC. — ^This  oxyde  is  found  in  the  silicatb 
OF  ZINC.  In  order  to  detect  it  in  this  combination,  the  silicic 
acid  is  first  separated  from  the  muriatic  acid  solution  by  filtering; 
it  is  freedfromthetracesofprotoxyde  of  lead  and  peroxyde  of  tin 
which  it  contains  by  means  of  sulphuretted  hydrogen^  and  the 
liquor  is  next  supersaturated  with  ammonia;  after  which  hydro- 
sulphuret  of  ammonia  is  added,  which  produces  a  white  precipitate 
of  sulphuret  of  zinc,  which  may  easily  be  recognised  as  such. 
Oxyde  of  zinc  is  less  easily  detected  by  the  blow-pipe  in  sOicate 
of  zinc,  because  the  fumes  of  zinc  are  produced  only  with  diffi- 
culty when  treated  with  soda  upon  charcoal  in  the  interior  flame. 

*  9.  OxTDS  OF  NicKBL  fonus  ouo  of  the  constituents  of 
piHSLiTB,  and  it  exists  also  but  in  very  small  quantity  in 
crysoprase,  and  according  to  Stromeyer,  in  aome  species  of 
OLIVINE.  It  may  be  detected  by  the  blow-pipe  in  pimeltte 
when  treated  by  borax  and  by  microcosmic  salt  (page  62,)-, 


Digitized  by  Google 


714 


ANALYSIS  OF  THE  JSATIYL  SIUCATSS. 


a  great  quantity  of  nickel  reduced  mto  the  metallic  state  is 
obtained  by  treating  it  with  soda  upon  charcoal.  In  the 
qualitatiTe  anatyais  of  other  minerals^  the  best  method  of 
detecting  small  quantities  of  oo^de  of  nickel  consuts  in  pouring 
an  excess  of  ammonia  in  the  muriatic  add  liquor  filtered  horn 
the  silicic  acid,  and  then  to  add  a  little  hydrosulphuret  of 
ammonia  to  the  filtered  liquor.  A  very  small  black  precipitate 
of  sulphuret  of  nickel  is  thereby  produced,  which  may  be 
subsequently  tested  to  identify  it. 

*  10.  OxYDB  or  CAnmuM. — In  order  to  detect  this  ozyde, 
which  is  sometimes  contained  in  some  varieties  of  silicated  zinc, 
tlie  best  method  is  to  dilute  with  water  the  muriatic  acid  hqiior 
separated  from  tlie  silicic  acid  by  filtering,  and  to  pass  a  current 
of  sulphuretted  hydrogen  through  it,  a  yellow  precipitate  of 
sulphuret  of  cadmium  will  thereby  be  produced,  accompanied 
howeTer  by  traces  of  lead  and  of  tin^  if  the  combination  contained 
any  acid,  and  which  are  precipitated  at  the  same  time  in  the 
state  of  sulphuret. 

*  11.  PaoToxTDB  OF  LBAU. — Tracos  of  protoxyde  of  lead 
have  been  found  in  several  siliceous  comlnnations,  as,  for 
example,  in  thobitb  and  stlicated  zinc,  &c.  These  traces  of 
oxyde  of  lead  may  be  contained  entirely  in  the  muriatic  acid 
liquor  filtered  from  the  silicic  acid.  More  considerable  quantities 
of  oxyde  of  lead  would  dissolve  only  partially  in  the  state  of 
chloride  of  lead,  and  could  not  be  completely  separated  from 
the  silicic  acid  by  washing.  For  this  reason  nitric  acid  is 
employed  instead  of  muriatic  acid,  in  order  to  decompose  the 
combination,  and  then  before  treating  the  liquor  by  ammonia, 
a  current  of  sulphuretted  hydrogen  is  passed  through  it,  which 
predpitates  the  oxyde  of  lead  in  the  state  of  sulphuret  of  lead, 
which  may  be  subsequently  recognised  as  such.  Ordinarily  it 
is  necessarj'  further  to  treat  the  liquor  by  hydrosulphuret  of 
ammonia,  in  order  to  separate  traces  of  sulphuret  of  tin,  because 
the  traces  of  oxyde  of  lead  in  siliceous  compounds  are  generally 
accompanied  by  traces  of  peroxy de  of  tin. 

OxYDBs  OF  UBANIVM. — Oxydc  of  unmium  is  the  base 
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of  the  mineral  called  pitchblende  It  is  also  found  in  small 
quantity  in  several  siliceous  combinations,  such  as  thorite.  In 
order  to  detect  traces  of  oxyde  of  uranium  in  tiiese  substances^ 
the  silidc  add  must  be  separated,  and  the  filtered  Kquid  being 

siipcrsabi rated  A\ith  ammonia^  t  he  precipitate  resulting  therefrom 
is  dissolved  iu  muriatic  acid,  and  potash  is  poured  in  the  solution. 
The  precipitate  produced  by  this  re-agent  is  next  put  to  digest 
in  a  concentrated  solution  of  carbonate  of  ammonia,  wbidi 
dissolves  the  oxyde  of  uranium.  The  solution  may  be  evaporated 
to  dryness,  and  the  dry  mass  is  put  to  dif^est  in  dilute  acetic 
acid,  which  dissolves  the  oxyde  of  uranium.  The  solution 
has  a  yellow  colour,  and  ammonia  produces  therein  a  yellow 
predpitate,  wbidi  behayes  before  the  blow-pipe  as  we  have  said 
(page  112). 

*  13.  PROTOXYDi:  OK  coi'PER. — This  oxyde  is  one  of  the  prin- 
cipal elements  of  dioptase,  and  siliceous  malachite.  After 
having  decomposed  these  substances  by  muriatic  add,  the  add 
liquor  filtered  from  the  silidc  add  contains  no  other  essential 
constituent  prindple  than  protoxyde  of  copper.  This  oxyde  has 
been  found  also  in  very  snndl  quantity  in  some  species  of 
lOOC&ASB  in  Norway,  in  cerine,  and  allofhane,  and  in 
ALirifiNOUs  scHisTUs,  in  which  the  blow-pipe  is  already  suffi» 
dent  to  render  its  presence  visible  (page  122).  In  the  humid  way, 
however,  in  order  not  to  overlook  any  trace  of  oxyde  of  copper, 
it  is  neccssiu  v  to  treat  the  mineral  with  some  alkaUne  carbonate, 
to  decompose  the  ignited  mass  with  muriatic  acid,  separate  the 
silicic  add  by  filtering,  and  pass  a  current  of  sulphuretted 
hydrogen  through  the  filtered  liquor  which  will  precipitate  the 
traces  of  oxyde  of  copper  in  the  state  of  sulpburet  of  copper. 

*  14*.  Feboxtde  of  tin. — ^This  oxyde  is  fbund  in  a  great  num- 
ber of  siliceous  combinations,  yet  it  never  forms  an  essential 
constituent  of  these  substances,  so  that  traces  only  should  be 

*  Mcssre.  Wohlcr  aud  Swanbtrg  liave  fouinl  mvadium  in  pitoliblendo,  whicli 
hitherto  liad  escaped  detection.  To  obtaiu  it,  pitcliblcudc  should  be  heated  to 
reaiNW  with  ewbonite  of  potedi  and  m  IttllA  oitnte  oC  polaali ;  trartfaig  Ae  nwM 
villi  water  will  yM  a  tolulioii,  bum.  whaxh  ammonia  pwdpitataa  vanadie  acid  in 
the  state  of  vaoadata  of  ammfflua*— E& 
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looked  for.    Benelios  found  traces  of  peroxyde  of  tin  in  tome 

species  of  emerald,  in  euclase,  silicated  zinc,  and  in  thorite. 
But  doubtless  this  oxyde  exists  in  a  very  great  number  of  other 
mineraU^  but  hitherto  its  presence  has  not  yet  been  detected. 

*  The  best  manner  to  ascertain  its  presence  consists  in  passiDg 
a  current  of  sulphuretted  h}  drogen  in  the  muriatio  acid  liquor, 
filtered  from  the  i?ilicic  acid;  the  peroxyde  of  tin  is  thereby  con- 
verted into  sulphuret  of  tin^  and  is  precipitated,  even  though  the 
solution  contains  only  a  very  small  proportion  of  it.  In  such  a 
casOj  however,  the  precipitation  does  not  take  place  immediately, 
but  only  after  a  certain  time;  and  especially  by  wanning  the  add 
hquor  (page  170). 

When  the  siliceous  combination  contains  at  the  same  time 
protoxyde  of  lead  or  another  metallic  oxyde  susceptible  of  being 
precipitated  from  the  acid  solution  in  the  state  of  metallic 
sulphuret  by  sulphuretted  hydrogen,  which  may  generally  be 
recognised  by  the  colour  of  the  precipitate,  the  metallic  sul- 
phuret obtained  should  be  treated  by  hydrosulphurct  of  ammo- 
nia, which  dissolves  sulphuret  of  tin.  This  solution  of  sulphuret 
of  tin  is  evaporated  to  dryness  in  a  platinum  crucible,  and  the 
residuum  is  ignited ;  peroxyde  of  tin  is  thus  obtained,  which  must 
be  treated  before  the  blow-pipe  upon  chaicoal  with  soda  in 
order  to  obtain  the  tin  in  the  metallic  state. 

*  There  are,  however,  a  few  cases  in  which  the  traces  of 
peroiyde  of  tin  form  with  certain  bases,  especially  with  f^udns, 
oombinations  which  after  the  decomposition  of  the  siliceous 
compound  dissolve  only  incompletely,  or,  at  leust,  with  great 
diihculty,  in  muriatic  add.  Such  is  the  case  when  euclase  and 
emerald,  which  contain  peroxyde  of  tin,  are  fused  in  the  ordinary 
way  with  carbonate  of  alkali.  After  having  saturated  the 
ignited  mass  with  muriatic  add  there  remains  a  white  powder, 
which  may  be  easily  distinguished  both  from  a  residuum  of  the 
mineral  and  firom  the  Hberated  silicic  acid,  and  which  may 
likewise  be  easily  separated  from  the  latter  body.  This  white 
powder  is  a  combination  of  pero^de  of  tin  with  gludna,  which 
is  easily  dissolved  by  water  after  fusion  with  bisulphate  of 
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potash.  A  cnrrent  of  snlplmretted  hydrogen  passed  through 
this  solution  precipitates  the  peroxvdc  of  tin  in  the  state  of 
sniphurct  of  tin,  wliicli  pclds  a  globule  of  tia  wlieu  treated 
before  the  bloir-pipe  with  soda  upon  charooaL 

*  When  the  sUieeons  oomhinatioii  \rhieh  ocmtams  traces  of  per* 
oxyde  of  tin  is  treated  immediately  before  the  hlow-pipc  with  soda 
upon  charcoal,  no  sensible  traces  of  reduced  tin  can  he  ohtaincd. 

*  15.  OxYi>£  or  Chromium. — This  oxyde  is  frequently  met 
with  in  siliceous  compounds,  but  in  most  cases  it  forms  only  a 
non-essential  constitnent.  Several  of  these  combinations^  for 
exani])lc,  the  pbbutian  bmbbali>i  owe  their  fine  green  colour 
to  its  presence ;  this  ^een  colour,  however,  is  not  always  due 
thereto,  as  for  example,  in  the  emerald  of  Siberia,  and  of  Salz- 
boorg*  But  oxyde  of  chromium  does  not  always  impart  a 
green  colour  to  siliceous  compounds,  for  the  blood-red  colonr 
of  several  of  these  combinations  is  reforrible  to  the  presence  of 
this  oxyde ;  such  is  the  case  for  example  witli  the  mineral  called 
FY&oF£,  These  siliceous  combiuations  to  which  chromic  oxyde 
imparts  a  blood-red  odour,  have  the  property  of  becoming 
black  and  opaque  merely  by  the  action  of  heat ;  as  they  gradu- 
ally cool,  they  assume  by  transmitted  light,  a  yellowish  tinge,  or 
a  pure  chrome-green  colour,  uud  after  complete  cooling  they 
re-assume  their  original  colour.  Small  quantities  of  oxyde  of 
chromium  have  also  been  found  in  chatoyant  bpah  and  some 
species  of  sbbpbntikb. 

*  Even  when  the  quantity  of  oxyde  of  chromium  in  silioeous 
compounds  is  very  small,  its  presence  may  often  be  detected  by 
means  of  the  blow-pipc  alone,  because  those  combinations  commu- 
nicate to  the  flux  of  borax  or  of  microcosmic  salt,  after  complete 
cooling,  a  chrome-green  colour*  which,  however,  is  generally 
very  feeble  as,  for  example,  by  operating  upon  the  Peruvian 
emerald.  Yet  when  the  combination  contains  at  the  same  time 
a  large  quantity  of  peioxyde  of  iron,  the  fluxes  derive  firom  it 
the  ordinary  green  colour  produced  by  iron,  and  consequently 
prevent  the  manifestation,  or  at  least  the  detection,  of  the 
chrome^green  colour. 
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*  Wlien  the  combination  can  be  decomposed  by  muriatic 
acid  the  presence  of  oxyde  of  chromium  may  be  ascertained  in 
the  humid  way  in  the  precipitate  which  ammonia  produces  in 
the  muriatic  add  liqiior  filtered  from  the  siMcie  add.  Even 
when  chnmdnm  exists  in  the  silioeons  compound  in  the  state  of 
chromic  acid,  it  is  contained  in  the  state  of  oxyde  of  chromium 
in  this  precipitate,  which  may  also  contain  peroxyde  of  iron, 
alumina,  &c.    It  is  dried,  and  then  boiled,  if  it  contain  alumina^ 
wifch  a  sohition  of  potash,  which  dissdves  the  alumina,  and  leaves 
the  perozjde  of  iron  and  of  duomhun.  These  two  oxydes  may 
then  be  fused  in  a  small  porcelain  cmdhle  with  nitrate  of 
potash,  and  the  fused  mass  is  treated  l)y  water,  whioli  dissolves 
the  chromate  of  potash  produced,  and  leaves  the  peroxyde  of  iron. 
The  sdutkm  is  then  neutralised  hy  nitric  add,  and  the  chromic 
add  is  precipitated  by  means  of  nitrate  of  mercury,  of  nitrste 
of  baryta,  or  of  nitrate  of  lead.    The  precipitate  obtained  if 
treated  before  the  blow-pipe,  to  put  the  existence  of  chromium 
beyond  doubt. 

*  When  a  silioeons  combination  containing  oxyde  of  chro- 
mium is  decomposed  by  toing  it  with  carbcmate  of  alkali, 

it  frequently  happens  that,  after  treating  the  fused  mass  by 
TOuriatie  acid,  the  silicic  acid  obtained  lias  u  brown  tinge,  and 
is  mixed  with  some  browu  chromate  of  oxvde  of  chromium. 
if,  however,  this  brown  silidc  add  be  fused  with  nitrate  of 
potash  in  a  small  porcelain  crudble,  and  the  fused  mass  he 
digested  in  water  and  muriatic  add,  tiie  liquor  evaporated  to 
dryness,  and  the  dry  residuum  treated  as  usual  with  muriatic 
acid  and  water,  the  silidc  acid  which  remains  is  wliite,  whilst 
the  solution  contains  the  oxyde  of  chromium.  The  chrfMuig 
add  may  be  still  more  easily  and  oompletdy  reduced  into  oxyde 
of  chromium  by  adding  a  little  alcohol  whilst  the  muriatic  add 
liquor  is  evaporating  to  drj^ncss. 

*  IG.  Titanic  acid. — Titanic  acid  in  combination  with  sihcic 
acid  enters  as  an  essential  constituent  only  in  the  mineral  called 
tphine,  which  beddes  this  substance  contains  Bme  also.  Titadc 
add  exists  in  yery  large  quantities  in  this  mineral,  and  yet  its 
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presence  cannot  be  very  easily  detected  with  tlic  hlow-pipc  by 
the  colour  which  that  acid  ordinarily  communicates  to  the  fluxes^ 
though  th^  presence  of  silicic  add  and  of  lime  do  not  prerent 
the  manifestation  of  that  chazacteristic  cdonr.  A  bead  of 
borax  when  treated  with  some  titamte  in  the  interior  flame  of 
the  blow-pipc  docs  not  turn  blue,  and  a  liead  of  microcosmic 
salt  is  coloured  blue  by  that  substance  only  when  the  mixture 
is  left  exposed  for  a  long  time  to  the  action  of  the  reducing 
flame. 

*  Very  feeble  traces  of  titanic  acid  are  also  fonnd  as  a  con- 
stituent, but  not  an  essential  one,  of  several  minerals,  as  is  the 
case  with  peroxyde  of  tin.  It  has  been  met  with  in  cymo- 
PHANE,  in  CYANITB,  lu  some  species  of  mica  and  in  achmite. 
When  these  minerab  are  fbsed  in  the  ordinary  way,  with  carbo- 
nate of  alkali,  and  the  fused  mass  subsequently  treated  by 
muriatic  acid  and  water,  the  titanic  acid  dissolves  in  the  muri- 
atic acid  in  the  state  of  titanate  of  alkali.  If  now  the  acid 
liquid  be  evaporated  at  a  very  gentle  heatin  order  to  promote  the 
separation  of  the  silicic  add,  the  alumina,  peroxyde  of  iron,  and 
titanic  add,  which  had  re-dissolTed,  are  predpitated  when  ammo> 
nia  is  added  to  the  liquor  filtered  from  the  silicic  add.  When 
this  precipitate  being  first  dried,  is  ignited,  and  then  treated  by 
muriatic  acid,  the  greatest  portion  of  the  titanic  acid  remains 
undissolved,  jmd  may  be  recognised  as  such  before  the  blow-pipe, 
although  it  is  not  perfectly  pure,  but  has  a  slight  reddish  colour 
from  the  admixture  of  a  certain  quantity  of  peroxyde  of  iron.  If 
after  having  fused  the  miucial  with  the  idkaliue  carbonate,  too 
strong  a  heat  has  been  employed  in  order  to  promote  the  sepa- 
ration of  the  silicic  add  from  the  muriatic  add  Uquor,  it  is  to 
be  feared,  especially  if  the  evaporation  has  been  drivm  to  bdl- 
ing,  that  when  the  traces  of  titanic  add  will  come  to  be  treated 
by  muriatic  add  and  water,  the  greatest  part  of  this  acid  ^vill 
not  dissolve,  and  will  remain  with  the  silicic  acid. 

*  17.  Tantalic  acid. — Hitherto  it  has  been  found  by  Ber- 
selius  only  as  a  non-essential  constituent  of  some  species  of 
iMERAiiD.  When  tins  mineral  is  heated  with  carbonate  of  alkali. 
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and  snbsequefiitly  deoomposed  by  muriatic  acid,  the  traces  of 

tantalic  acid  do  not  remain  mixed  with  the  silicic  acid,  as  miglit 
be  supposed,  but  are  dissolved  conjointly  with  the  gluciua  and 
alnnmiay  in  the  muriatic  add  liquor  filtered  from  the  silicic  acid. 
If  the  glucina  be  diuolved  in  a  sokUion  of  carbonate  of  ammo- 
ma,  the  traces  of  tantalic  acid  follow  this  earth,  but  they  may  be 
separated  from  each  other  by  dissohiug  the  glucina  in  muriatic 
acid  after  calcining.  By  this  treatment  the  tantalic  acid  remains 
mixed  with  some  silicic  add. 

*  18.  BoBACic  ACID. — ^It  has  been  met  with  in  a  great  number 
of  minerals,  more  or  less  abundantly.  It  forms  one  of  the  prin- 
cipal constituents  of  the  minerals  called  datholite  and  botryo- 
LIT£.  It  has  been  found  in  smaller  quantity  in  the  several 
spedes  of  tourmaline  and  of  axinite.  Turner,  using  the 
blow-pipe^  as  we  have  said,  (page  28&)j  detected  likewise  the 
presence  of  this  add  in  the  Bradlian  vopai^  and  also  in  a 
GARNET  of  Norway  (colophonite),  and  C.  G.  Gmclin  discoTcrcd 
it  in  the  same  manner  in  some  species  of  mica,  of  lepidolite, 
and  of  FINITE.  According  to  Kersten,  however,  the  blow-pipe 
is  not  a  perfectly  certain  method  of  detecting  boradc  acidy 
because  there  are  several  other  minerals  which  contain  no  trace 
of  this  add,  as  for  example,  several  spedes  of  fluor-spar,  and 
which  give  an  analogous  reaction  when  treated  in  this  manner. 

*  The  most  trustworthy  method  of  ascertaining  the  presence 
of  boradc  add  in  the  siliceous  combinations  which  are  sus- 
ceptible of  being  decomposed  by  an  add^  consists  in  redudng 
them  to  powder,  and  decomposing  them  by  concentrated  sul- 
phuric acid,  after  which,  and  without  separating  the  siUcic  acid, 
alcohol  is  added  to  the  hquor,  and  is  set  fire  to.  The  green 
colour  of  the  flame  testifies  the  presence  of  boradc  add. 
Muriatic  add  must  not  be  used  instead  of  sulphuric  add  for  the 
purpose  of  decomposing  the  siliceous  combinations^  for  the 
reasons  which  have  been  given  (page  381). 

*  If  the  siliceous  combination  resists  the  action  of  adds,  it 
must  be  reduced  into  veiy  fine  powder,  and  fiiaed  with  about 
three  times  its  weight  of  carbonate  of  potash  or  of  soda;  the 
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fused  mass  is  then  decomposed  by  sulphuric  acid  diluted  only 
with  a  small  quantity  of  water,  and  alcohol  is  then  ponred  npon 
it^  which  being  inflamed,  will  ham  with  a  green  flame  if  the 
amallest  quantity  of  horadc  add  he  present. 

*  19.  Phosphoric  acid. — This  acid  is  met  with  in  small 
quantities  in  siliceous  combinations.  Hitherto  it  has  been 
found  only  in  the  minerals  called  sordawalitb,  and  in  some 
apecies  of  lbfibolitb.  It  is  proboble,  however,  that  it  exists 
also  in  several  other  siliceous  combinations,  for  its  presence  can 
often  be  easily  overlooked  unless  especially  sought  for.  This  acid 
appears  to  exist  in  several  siliceous  combinations  which  contain 
small  quantities  of  the  compounds  of  fluorine. 

*  In  order  to  detect  phosphoric  acid  in  these  comhmations, 
whether  they  are  susceptible  or  not  of  being  decomposed  by 
acids,  they  are  ftised  with  three  or  four  times  their  weight  of 
carbonate  of  soda  or  of  potash,  and  the  fused  mass  is  treated  by 
water,  which  dissolves  only  the  excess  of  the  alkaline  carbonate, 
and  also  the  phosphate  of  alkali  produced,  when  the  bases  con- 
tained m  the  combination  under  examination  are  insoluble  in 
the  alkaline  earbonate. 

*  The  presence  of  phosphoric  acid  in  the  solution,  even  though 
the  quantity  be  very  small,  is  recognised  in  the  following  manner : 
— The  solution  must  first  be  supersaturated  with  nitric  add,  or 
better  still,  with  acetic  add,  and  a  solution  of  acetate  of  lead  is 
next  added,  which  produces  a  predpitate  of  phosphate  of  lead, 
which  may  be  eiisily  recognised  as  such  before  the  blow-pipe 
(page  20;i).  Nitrate  of  silver  may  also  be  used  for  the  piir- 
pose  of  detecting  phosphoric  add  in  the  solution  saturated  with 
nitric  add. 

It  is  impossible  with  the  blow-pipe  to  detect  the  presence  of 

phosphoric  acid  in  siliceous  compounds  in  the  manner  described 
(page  270),  because  its  quantity  is  always  too  small  to  permit 
the  performance  of  that  experiment. 

*  20.  Cakbon. — Of  all  the  siliceous  combinations  which  exist 
in  nature,  that  called  rTBoaTHiTS  is  the  only  one  which  con- 
tains carbon  in  considerable  quantity,  and  its  presence  may  be 
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ascertained  by  heating  that  mineral  gently  before  the  blow-pipe, 

and  niakiug  it  red-hot  on  one  point :  it  then  catches  fire,  and 
continues  to  bum  by  itaelf  without  either  flame  or  smoke^  after 
which  the  mineml  ia  grey^  or  greyidi-white.  Pyrorthite  bein^ 
mixed  with  nitrate  of  potaah^  deflagrates  also  when  heated,  as  U 
the  case  with  all  the  substances  which  contain  carbon. 

*  Small  quantities  of  carbon,  or  rather  of  carbouised  organic 
substances,  the  composition  of  which  is  not  yet  kno^vn,  are  found 
in  a  vast  number  of  siliceous  combinations,  and  arc  the  cause  of 
those  combinations  turning  black  when  heated  in  a  little  mattraaa 
upon  a  spirit-lamp.  The  black  colour  disappears  by  appl^^-ing 
heat  in  the  open  air,  because  the  carbon  can  then  bum.  This 
is  especially  tlie  case  with  the  siliceous  combinations  wliich  con- 
tain simultaneously  much  magnesia  and  water,  for  example,  in 

PISKRB  DB  LABD,  MBBmSCHAVM,  PICBOSMIKB,  PTEALLOLITB,  8BE- 
PBNTINB,  AOALKATOLITB,  PIHBUTB,  CBONDBODITB,  COUPHOLITB. 

**  Some  siliceous  combinations  contain  carbonic  acid,  but  it 
is  generally  owing  simply  to  a  mixture  of  carbonate  of  lime  or  of 
other  carbonates.  These  minerals  efiervesce  when,  after  having 
been  pnlverised,  muriatic  add  is  ponied  on  the  powder. 

*  21.  Flvobiitb. — This  substance  is  contained  in  pretty 
large  proportion  in  the  topak,  cRONDBonm,  and  in  some  spectea 
of  MICA,  especially  those  which  contain  lithia.  Smaller  quantities 
of  fluorine  have  been  found  in  a  ver^^  great  number  of  other 
siliceous  combinations,  especially  in  most  species  of  mica,  thongh 
not  in  all;  in  almost  all  the  species  of  amphibolb,  in  cabpboutb, 
APOPHYLLiTE,  and  some  species  of  crabasib  and  of  scapolitv. 
The  blow-pipe  employed  as  wc  have  said  (page  441),  is  gcueraliy 
sufficient  to  detect  the  presence  of  fluorine  in  some  of  those 
combinations,  but  oTily  in  those  which  contain  at  the  same  time 
a  more  or  less  considerable  quantity  of  water.  howerer,  they 
do  not  contain  a  trace  of  water  there  is  danger  of  overlooking 
even  pretty  large  proportions  of  fluorine.  The  method  indicated 
(page  440),  must  then  be  resorted  to. 

*  When  the  operator  thinks  that  he  has  detected,  by  means 
of  the  blow-pipe,  that  a  combination  of  fluorine  is  contained  in 
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the  siliceous  compound  under  examiuationj  its  existeace  must 
be  placed  beyond  doubt  by  a  more  rigorous  research^  especially 
if  there  be  only  traces  of  fluorine,  and  if  the  siliceotis  combination 

be  not  decomposable  by  sulphuric  acid.  This  may  be  ascertained 
by  the  method  which  has  been  described,  (page  440).  If  this 
method  be  followed,  a  precipitate  of  fluoride  of  calcium  is 
obtained^  even  when  the  combination  contains  traces  only  of 
fluorine.  The  fluoride  of  calcium  thus  obtained  must  now  be 
decomposed  by  8ul[)lmric  acid  in  the  iisufil  way,  as  we  have  said 
(page  437),  in  order  to  see  whether  the  glass  has  been  corroded. 

*  We  should  lemari^,  howerer,  that  the  precipitate  produced 
by  chloride  of  calcium  may  contain,  besides  fluoride  of  calcium, 
otlicr  insoluble  combinations  of  Urae  with  acids  if  such  do  exist 
in  the  siliceous  compound.  The  fluoride  of  calcium  may  be 
accompanied  in  this  precipitate  by  phosphate  of  lime  especially, 
and  generally  by  combinations  of  lime  with  the  adds  which 
have  been  enumerated,  (page  664).  The  operator  must  look 
most  carefully  for  phosphoric  acid,  because,  as  we  have  already 
said,  (page  7  21)j  this  add  exists  very  frequently  in  minerals  which 
contain  combinations  of  fluorine.  Theceflirej  after  having  de- 
composed the  predpitate  by  sulphuric  add  in  a  platinum  crudble 
in  order  to  ascertain  the  presence  of  fluorine  by  its  corrosive 
action  upon  glass,  the  residuum  is  treated  by  a  large  quantity 
of  water  which  dissolves  the  excess  of  sulphuric  add  and  the 
sulphate  of  lime  produced,  and  leaves  the  phosphate  of  lime, 
which  mav  be  submitted  to  an  ulterior  examination. 

*  2^.  CuLoaiNB. — Chlorine  has  been  found,  but  always  in  a 
very  small  quantity^  in  several  siliceous  combinations,  especially 
in  SODAUTB,  BUDiALin,  and  ptbosmalitb.  The  presence  of  a 
combination  of  chlorine  in  the  siliceous  combinations  which  are 
decomposable  by  acids,  may  be  detected  by  decomposing  them 
by  nitric  add,  carefully  avoiding  the  application  of  heat  as 
mudi  as  possible;  it  is  best  therefore  to  leave  the  nitric  add  to 
act  upon  the  pulverised  mineral  in  a  flask  with  a  glass  stopper. 
After  having  separated  the  liquor  from  the  silicic  acid  by  filtering, 
solution  of  nitrate  of  silver  is  added^  which  predpitates  the 
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dilorine  in  the  state  of  chlcnide  of  silver,  which  may  be  eaaOy 

recognised  as  such.  If  the  operator  wishes  to  detect  the  other 
constituents,  the  liquor  is  filtered  in  order  to  seprirate  tlie  chlo- 
ride of  silver,  and  muriatic  acnd  is  added  in  order  to  eliiuinrttp 
the  excess  of  ozyde  of  silver  employed^  after  which  the  analysis 
proceeds  in  the  usnal  way.  The  three  minerals  above-named  are 
decomposable  by  nitric  acid,  yet  pyrosmalite  is  decomposed  by 
that  acid  only  ^vith  difficulty,  and  a  gentle  heat  must  be  applied. 

*  If  the  siliceous  compound  resists  the  action  of  acids,  it 
must  be  fused  with  carbonate  of  alkali,  which,  of  course,  must 
be  quite  free  from  chloride.  The  fused  mass  is  then  treated  by 
water,  which  will  dissolve  both  tht  excess  of  the  alkaline  car- 
bonate and  the  chloride  of  potassium  or  of  sodium  produced ; 
the  alkaline  solution  must  be  supersaturated  with  nitric  acid, 
and  solution  of  nitrate  of  silver  being  now  added^  will  form  a 
precipitate  of  chloride  of  silver. 

*  The  presence  of  ehhrine  in  siliceous  eompounds  may  very 
well  be  ascertained  by  means  of  the  blow -pipe,  as  we  have 
indicated  (page  424),  but  the  analysis  in  the  humid  way  should 
never  be  neglected,  for  it  is  the  only  method  which  can  give  an 
accurate  result. 

*  23.  SvLPHVR. — ^This  substance  exists  in  some  siliceous 

compounds  in  the  state  either  of  mctaUic  sulphurct  or  of  sulphate. 
It  is  found  in  the  first  of  these  states  in  uelvine,  which  con- 
tains it  in  the  state  of  sulphuret  of  manganese,  in  Avhich  it  may 
be  easily  recognised  by  the  disengagement  of  sulphuretted 
hydrogen,  produced  when  its  decomposition  is  effected  by 
muriatic  acid.  A  portion  at  least  of  sidphur  appears  also  to 
exist  in  the  state  of  metallic  sulphuret  in  iiauyne,  noziax,  and 
LAZULITE  ;  for  these  minerals,  whilst  being  decomposed  by 
muriatic  acid,  exhale  an  odour  of  sulphuretted  hydrogen  gas, 
which,  however,  is  very  feeble  in  the  case  of  nosdan. 

*  If  sulphur  exists  in  the  state  of  sulphuret  in  a  silioeous 
combination  which  cannot  be  decomposed  by  muriatic  acid  with 
disengagement  of  sulphuretted  hydrogen,  its  presence  can  be 
detected  only  by  treatment  with  fuming  nitnc  add,  which  will 
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then  produce  sulphuric  acid.  In  such  cases  the  siliceous 
comlniuition  may  also  be  fosed  with  caibonate  and  nitrate 
of  alkali,  treating  the  fosed  mass  with  water,  and  after  super- 
sat  uratiug  the  liquor  with  muriatic  acid,  the  presence  of 
sulphuric  acid  may  then  be  detected  by  testing  with  chloride 
of  barium. 

*  Sulphur  exists  in  the  state  of  sitlphueic  acid  in  some 

siliceous  combinations.  Those  called  hauynk,  nozian,  and 
i^AZFLiTE  contain  not  only  a  metallic  sulphuret,  but  sulphuric 
acid  also;  for  if  after  haring  decomposed  these  minerals  by 
muriatic  acid,  chloride  of  barium  is  poured  in  the  solution 
filtered  from  the  silicic  acid^  a  precipitate  of  sulphate  of  baryta 
is  piodaced.  It  is  necessary,  however,  to  wash  the  siUcic  acid 
well,  because  these  minerals  contain  lime  which,  after  decern" 
position  by  muriatic  acid»  forms  sulphate  of  lime,  which  is  very 
sparingly  soluble  in  water. 

*  When  sulphuric  acid  exists  in  siliceous  combinations  which 
cannot  be  decomposed  by  acids,  the  compound  must  be  reduced 
to  very  fine  powder,  fused  with  carbonate  of  potash  or  of  soda, 
and  the  fbsed  mass  is  then  treated  by  water;  the  solution  con- 
tains the  excess  of  carbonate  of  alkali  and  tlie  sulphate  of  alkali 
formed.  The  presence  of  sulphuric  acid  may  therefore  be  easily 
detected  by  solution  of  chloride  of  barium  subsequently  to  the 
anper-satnrating  with  muriatic  acid. 

*  In  the  siliceous  combinations  which  contain  sulphur  or  sul- 
phuric acid,  but  which  do  not  at  the  same  time  contain  any  or 
very  small  quantities  only  of  metallic  oxydes  properly  so  called, 
the  presence  of  sulphur  may  be  detected  by  means  of  the  blow- 
pipe, by  mixing  the  mineral  with  sods  and  exposing  it  upon 
charcoal  to  the  action  of  the  interior  flame.  A  turbid  bead  may 
thus  be  frequently  obtained,  which  becomes  red  on  cooling.  This 
process,  however,  does  not  succeed  with  bxlyinb,  on  account  of 
the  great  quantity  of  manganese  which  it  contains.  But  the 
presence  of  sulphur  may  always  be  recognised  by  the  blow-pipe 
in  those  combinations,  by  treating  them  upon  charcoal  with  an 
excess  of  soda,  projecting  the  red-hot  mass  upon  a  piece  of  silver. 
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and  moistening  it  a  little^  iu  which  case  the  silver  assumes  a 
brown  or  a  black  colour. 

S.  QUAUTATIVB  ANALYSIS  OF  IflNBRAL  WATEII& 

The  salts  which  have  hitherto  been  found  in  mineral,  saHne^ 
and  pomp  or  well  waters^  contain  the  following  bases  and 
acids: — 

Bases. — Pota^9oda,  HtMa,  ammmiiUif  thwUia,  Hme,  maffnema, 

alumina y  proioxyde  of  manyatiese,  protoxyde  of  irou,oxyde  of  zwc, 
and  protexyde  of  copper. 

Acids. — StUpkmie  add,  m^kmnu  acid,  nUric  add,  earbomt 
acid,  boradc  acid,phojtphoric  add,  dUde  add,  and  besides  these, 
*  chlorine,  fluorine,  bromine,  iodine^  and  sulphur,  united  to  the 
metal  of  the  above  bases. 

*  But  all  these  constituents  are  not  met  with  simnltaneoosl^ 
in  one  kind  of  minersl  waters,  and  some  of  them  exist  theran 
in  80  small  a  quantity  that  it  is  very  easy  to  overlook  X\\vn\  in 
the  course  of  a  cjualitativc  analysis.  It  is  therefore  advisable  m 
all  cases  first  to  test  lor  the  more  abundant^  and  afterwards  to 
look  for  the  traces  of  the  rarer  constituents. 

*  When  the  operator  has  in  view  to  make  a  quantitatiye  as 
well  as  qualitative  analysis,  the  presence  of  several  substances 
which  exist  only  in  very  trifling  proportions  may  be  detected 
whilst  analysing  quantitatiTely,  so  that  the  quaHtatiTe  analysis 
may  to  a  great  extent  be  dispensed  with  at  least  as  a  separste 
operation. 

*  The  research  of  the  principal  constituents  of  a  mineral 
water  is  not  difficult,  and  it  may  be  performed  in  a  short  time. 

^  A  fresh  quantity  of  water  is  generally  taken  for  the  exand* 

nation  of  each  constituent,  and  the  operation  is  conducted  at 
follows ; — 

1.  DETECTION  OF  ACIDS. 

*  A.  A  FBW  drops  of  tincture  of  litmus  newly  prepared '  is  added 

to  the  water  under  trial.    If  the  liquor  turns  red  it  is  generally 

'  Tiueton  of  Ktnms  may  be  kept  good  for  an  exoeedBag^y  long  tfane^  by  mixiqg  it 
with  aoDM  wood  naphtiw^  or  with  iikoboL— £o. 
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a  proof  of  the  presence  of  free  carbonic  acid,  which,  however, 
is  placed  beyond  doubt  by  mixing  equal  quantities  of  tinctin-c  of 
litmus  and  of  mineral  water,  which  has  previously  been  boiled 
for  a  long  time.  If  the  red  colour  produced  in  the  first  experi- 
ment is  not  produced  in  the  second,  it  is  a  proof  that  the  water 
contained  free  carbonic  add  *.  It  often  happens  that  the  boiled 
mineral  water  renders  reddened  litmus  paper  slightly  blue. 

*  Free  carbonic  acid  is  likewise  detected  in  mineral  water  by 
adding  a  small  quantity  of  lime-water  thereto.  If  a  precipitate 
be  then  produced,  whidi  the  addition  a  large  quantity  of 
mineral  water  causes  to  disappear,  it  is  a  proof  that  it  contains 
either  free  carbonic  acid  or  bicarbonate  of  alkali'.  Most  mineral 
waters  contain  carbonic  acid  combined  with  alkalies  and  earths, 
in  the  state  of  bicarbonate,  but  frequently  also  in  the  state  of  free 
carbonic  acid.  The  latter  is  detected,  as  we  haye  just  said,  by 
means  of  tincture  of  litmus.  If  it  contains  bicarbonates  only, 
and  no  free  carbonic  acid,  it  does  not  redden  litmus  paper. 

*  If  the  mineral  water  contain  no  bicarbonates  of  alkalies,  but 
bicarbonates  of  earths  only  (such  as  of  lime,  and  of  magnesia), 
and  no  firee  carbonic  add,  the  predpitate  produced  by  lime 
water  does  not  disappear  by  the  addition  of  a  large  quantity  of 
mineral  water. 

*  If  the  mineral  water  contains  much  free  carbonic  acid, 
bubbles  of  gas  are  disengaged  by  agitating  it  or  gently 
warming  it. 

*  B.  Into  another  portion  of  water  a  solution  of  ehhride  of 

*  When  the  mineral  water  contains  free  carbonic  acid,  a  «trip  nf  Mtmm  pni>er  being 
dipped  in  it  turns  red,  but  not  so  when  dipped  in  the  game  water  previously  boiled. 
The  litmus  paper  thus  reddened  being  exposed  to  a  gentle  heat,  or  the  reddened 
tincture  being  boiled,  becomes  blue  again,  because  the  carbonic  acid  which  had 
tamed  it  ved  Toktil&M.  If  Ae  f«d  eokmr  so  prodneed  does  not  disappear  by 
heftting  or  boiliiig^  U  is  a  proof  of  tho  pfeeenoe  of  a  metaOio  siltr— B]>. 

sit  ehonld  bo  reooUoeted  that  if  the  ninenl  witer  contains  csKbonstcs  of  earths 
or  metallic  oxydee,  they  will  be  precipitated  also  by  the  lime-water,  so  that  the 
prccipitntr  may  be  one  of  carbonate  of  lime,  or  of  these  earths  and  metallic  oxydesi, 
or  a  mixture  of  all  tiiesc.  In  order  to  ascertain  niort'  easily  wliother  the  precipititc 
produced  by  the  lime-water  re-dissolves,  it  is  best  to  pour  only  two  or  three  drops  of 
hme-water,  which  will  at  first  produce  a  precipitate,  but  which  wiU  Instaiitly  disap- 
pear if  freo  cwbooic  add  be  presoDt.— Ed. 
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barium  and  a  fevr  dropa  of  murwiie  add  are  poured.  If  a 
precipitate  of  sulpbate  of  baiyta  is  thereby  produced,  tlie  water 

contains  a  sulphate. 

*  C.  A  solution  of  nitrate  of  silver,  to  which  a  little  nitric  arid 
has  been  added,  is  poured  into  a  certain  quantity  of  the  mineral 
water  wBich,  if  it  contain  a  combination  op  chlobinb,  will 
becoiqe  turbid  or  produce  a  white  precipitate. 

*  When  the  water  contains  ;i  c()ni})in;itiou  of  sulphur  (alkaline 
sulphuret)  a  solution  of  nitrate  of  silver  produces  therein  a  pre- 
cipitate of  a  brownifih  or  even  black  colour.  In  order  not  to 
oyerlook  the  preaenoe  of  chlorine  when  it  exists  sunoltaneouslj 
with  a  combination  of  sulphur,  a  solution  of  sulphate  of  copper 
is  added  to  a  portion  uf  the  water,  by  which  means  the  sulphur 
is  separated  in  the  state  of  sulphuret  of  copper,  w  hich  iu  the 
course  of  a  little  time  deposits  well,  even  though  it  be  in  trifling 
proportion,  and  it  may  be  coUected  separately  by  filtering.  It 
is  advisable  that  the  deposition  of  the  sulphuret  of  copper  should 
take  place  in  a  stoppered  flask  A  little  nitric  acid  is  added  tu 
the  filtered  liquor,  and  then  if  it  contains  any  combination  of 
chlorine,  the  further  addition  of  nitrate  of  silver  produces  a 
precipitate  of  chloride  of  silver. 

*  D.  When  the  vrater  to  be  analysed  is  well  or  pump  water  from 
a  large  town,  a  portion  of  it  must  be  ev  aporated,  iu  order  to  see 
whether  it  contains  any  nitbates.  The  test  is  then  to  treat 
the  mass  obtained  with  a  very  small  quantity  of  water,  and  to 
add  thereto  a  solution  of  protosalt  of  lion  with  a  great  proportKm 
of  concentrated  sulphuric  add  (page  233). 

*  If  during  the  evaporation  of  the  mineral  water  a  precipitate 
is  produced,  it  may  be  removed  before  the  liquor  is  completely 
evaporated.   The  precipitate  contains  no  nitrates. 

♦For  the  purpose  of  ascertaining  whether  tiie  mineral  water 
contains  any  combination  of  iodinb  or  of  bbominb,  and  con- 
sidering that  when  this  is  the  case,  the  proportions  arc  exceed- 

'  This  precaution  is  recommended  because  recently  precipitated  .sul[»iiurvt  of 
copper  when  in  contact  witii  the  air  absorbs  oxygen,  which  oxydiaed  portion  being 
aolnbte  in  water,  of  eoane  would  intoflnv  witii  the  nbieqaiBt  op«ntioo."-'ED. 


Digitized  by  Google 


ANALYSIS  OF  MINJfiBAL  WATEfiS. 


729 


iiigly  feeble,  a  considerable  quantity  of  water  must  be  procured. 
It  is  then  evaporated  almost  to  dryness^  so  as  to  leave  only  a 
Toy  small  quantity  of  mother-water^  which  is  then  treated  hy 
alcohol,  and  the  liquor  is  separated  from  the  undissolved  por- 
tion, wliicb  should  be  once  more  treated  by  alcohol,  the 
alcoholic  solutions  mixed  together,  and  the  alcohol  evaporated 
at  a  very  gentle  heat,  adding  a  little  water  from  time  to  time  in 
order  to  keep  the  salts  in  solution,  and  the  liquor  is  divided 
into  two  portions,  one  of  which  is  devoted  to  the  research  of 
bromine,  the  other  to  tlmt  of  iodine,  as  we  have  said  (page  424), 
and  (page  430). 

*  Mineral  waters  seldom  contain  a  sufficient  quantity  of  the 
combinations  of  bromine  and  iodine  to  permit  their  being  imme* 
diately  tested  for  these  substances.  Bromine  cannot  be  detected 
with  certainty  by  the  method  indicated  (page  424),  except  in 
the  mother-waters  of  salt-works,  and  in  a  few  saline  waters  of  a 
great  specific  gravity. 

S.  DETECTION  OF  THE  BASES. 

A.  To  the  mineral  water  a  solution  of  oxalate  of  potash  or  of 
ammonia  is  added,  which,  if  lime  be  present,  will  produce  a 
precipitate  of  oxahte  of  lime.  If  the  water  contains  only  a  very 
small  quantity  of  lime,  a  pretty  long  time  must  elapse  before 
the  precipitate  can  be  formed. 

*  Tlie  liquor  filtered  from  the  oxalate  of  lime  produced  must 
be  tested  by  solution  of  phosphate  of  soda,  to  which  ammonia 
has  been  added  in  order  to  see  whether  it  contains  any  mao- 
NBsiA.  If  muriate  pf  aiamoma  has  been  added  to  the  water 
before  testing  with  oxalate  of  potash  or  of  ammonia,  the  preci- 
pitate is  produced  slowly,  and  if  the  proportion  thus  added  has 
been  large,  the  re-agent  sometimes  fails  in  mdicating  the 
presence  oimaffnena, 

*  If  UiMa  is  contained  in  the  nuneral  water,  its  presence 
might,  by  the  addition  of  solution  of  phosphate  of  soda,  produce 
a  preci})itatc  e\  eu  though  magnesia  be  absent ;  but  this  preci- 
pitate diiters  £rom  the  ammonio-magnesian  phosphate  by  the 
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properties  whicli  have  been  relHted  (page  15).  Lithia,  besides, 
has  beeu  found  hitherto  in  mineral  waters^  in  such  small  qoau- 
tities  only,  that  in  moot  cases,  the  precipitate  produced  bjr 
phosphate  of  soda  is  owing  to  magnesia.  The  presence  of  lithia^ 
however,  sliould  subsequently  be  ascertained  by  a  separate  and 
special  examination. 

*  B.  It  is  important  to  determine  eren  the  smallest  traces  of 
iron  in  mineral  waters,  because  this  substance  is  often  the  real 
cause  of  the  virtue  of  medicinal  waters.  When  the  proportion 
of  irou  is  great,  its  presence  may  be  detected  merely  by  su\A{ng 
hydrosulphuret  of  ammonia^  which  produces  a  black  precipi- 
tate of  sniphuret  of  iron.  It  is  best  to  mix  the  water  with 
this  re-agent  in  a  flask  of  white  glass,  to  cork  it  up,  and  to 
wait  all  the  time  necessary  for  the  complete  deposition  of  the 
sulphuret  of  iron.  The  liquid  is  then  decanted,  and  the  precipi- 
tate is  collected  on  a  filter,  and  subsequently  tried  before  the 
blow-pipe,  because  it  might  in  certain  cases  contain  otlier 
substances,  and  even,  but  more  rarely,  other  metallic  sulphurets, 

such  as  SULPHURET  OF  MANGANESE,  of  ZINC,  and  of  COPPER. 

*  If  the  quantity  of  iron  in  the  mineral  water  ia  incon- 
siderable, hydrosulphuret  of  ammonia  produces  no  black  pre- 
cipitate, and  the  liquor  at  most  assumes  a  greenish  colour ;  yet 
after  some  time,  especially  by  leaying  it  in  a  stoppered  flask 
and  in  a  moderately  wann  place,  traces  of  black  sulphuret  of 
iron  are  deposited^  which  may  be  collected  on  a  filter,  in  order 
to  examine  before  the  blow-pipe  whetlier  it  contains  iron. 

*  Traces  of  protoxyde  of  iron  too  feeble  to  be  detected  by 
hydrosulphuret  of  ammonia^  may  be  recognised  by  ponijng  a 
few  drops  of  infusaon  of  galls  in  the  mineral  waters.  If,  how- 
ever, it  contains  carbonate  of  iron,  it  is  necessary  that  it  should 
have  been  recently  obtained  from  the  spring.  Infusion  of  gaUs 
producer,  not  immediately^  but  after  a  little  time,  a  purple 
colour.  If  the  coburing  does  not  augment  in  the  space  of  a 
few  hours,  the  quantity  of  iron  in  the  water  is  extremely  small. 
A  deep  purple  or  black  colour  bespeaks  the  presence  of  a  more 
considerable  proportion  of  protoxyde  of  iron. 
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*  If  the  mineFal  water  contains  no  bicarbonate  of  lime,  the 
presence  of  iron,  if  in  small  proportion,  cannot  be  detected, 

according  to  Philipps,  by  meaus  oi  iiifusiou  of  galls,  but  the 
addition  of  a  little  solution  of  carbonate  of  lime  determines  this 
reaction. 

*  The  mineral  waters  which  contain  much  alkaline  carbonate 

may  assume  a  greenish  colour  when  treated  by  iulusion  of  galli*, 
although  no  iron  is  present. 

*  Iron  most  generally  exists  in  mineral  water  in  the  state  of 
carbonate  of  protozyde  of  iron^  and  its  presence  can  therefore 
be  readily  detected  by  means  of  a  solution  of  ferriq/anide  of 
potassium,  which  produces  a  blue  precipitate,  provided  always 
that  the  water,  if  alkaline,  be  saturated  with  an  add. 

*  When  the  mineral  water  has  been  concentrated  by  erapora- 
tion  before  precipitating  it  by  hydrosulphuret  of  ammonia, 
infusion  of  galls,  or  by  a  solution  of  ferricyanide  of  potassium, 
the  protoxyde  of  iron  becomes  converted  into  perozyde  of  iron, 
and  if  it  was  combined  only  with  carbonic  add,  it  is  precipi- 
tated in  the  state  of  hydrated  peroxyde  of  iron.  The  presence 
of  iron  may  be  detected  in  the  substances  wliich  have  become 
insoluble  by  the  evaporation  of  the  water.  If  the  mineral  water 
contain  protosulphate  or  protochloride  of  iron,  the  quantity  of 
hydrate  of  penu^de  of  iron  separated  by  evaporation  is  very 
small. 

*  C.  Ammonia  is  added  to  a  portion  of  mineral  water,  which 
re-agent  precipitates  caebonatb  or  limb  when  contained  in  the 
water  in  the  state  of  bicarbonate.    This  salt  is  contained, 

especially  in  pump  or  well  water,  in  large  quantities,  but  it  may 
be  accompanied  by  other  substances,  in  very  small  quantity, 
particnlarly  alumina,  stkontia,  and  limb,  combined  with 
PHOSPHORIC  ACID,  and  even  with  some  pluobide  op  calcium, 
&c.  By  leaving  the  water  at  rest  for  some  time  after  the 
addition  of  ammonia,  the  organic  matters  which  were  con- 
tained in  it  are  precipitated,  and  also  the  iron,  in  the  state  of 
peroxyde,  in  which  case  the  predpitate,  at  first  whit^  turns 
yellowish. 
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*  Magnesia  is  not  precipitated  by  ammonia  when  muriatic 
acid  has  been  previously  added  to  the  water. 

^  Moat  of  these  subrtanoeB  are  precipitated  ako  without  addi- 
tion of  ammonia^  when  the  mineral  water  is  bmled  for  a  lon^ 
time,  and  concentrated  hy  evaporation  in  the  open  air.  Often 
also  when  mineral  waters  are  exposed  to  the  contact  uf  the 
atmospheric  air,  deposits  are  formed  similar  to  those  which  are 
obtained  by  evaporating  them.  When  these  deposits  can  be 
obtained  in  sufficient  qnantily,  substances  may  be  found  in  them 
which  are  rare,  or  which  exist  only  in  very  feeble  proportion  in 
the  mineral  water. 

*  When,  in  a  qualitative  analysis,  the  object  is  to  detect  not 
only  the  lime,  but  also  those  constituents  which  exist  only  in 
vefy  small  proportion  in  the  mineral  water,  these  deposita  are 
treated  somewhat  in  the  same  manner,  as  will  be  described  in 
the  second  volume,  for  the  quantitative  analysis  of  mineral 
waters,  and  especially  for  tlie  examination  of  the  constituents 
which  have  become  insoluble  by  evaporation.  It  rarely  occurs, 
however,  that  in  a  simple  qualitative  analysis,  the  operator  has 
to  ascertain  the  presence  of  traces  of  such  constituents,  which 
are  sufficiently  taken  into  account  in  the  analysis  of  quantity. 

*D.  A  certain  quantity  of  the  mineral  water  is  devoted  to  the 
research  of  fixed  alkalies.    If  magnesia  be  absent,  this  research 
does  not  present  much  difficulty.   If  the  mineral  water  contains 
a  large  quantity  of  protoigrde  of  iron,  and  if  the  portion  of  water 
operated  upon  has  not  been  concentrated  by  evaporation,  an 
aqueous  solution  of  chlorine  is  poured  into  it,  and  the  whole  is 
warmed  in  order  to  convert  the  protoxyde  of  iron  into  peroxvdc, 
which  is  not  necessary  when  the  water  has  been  concentrated 
by  evaporation ;  then,  by  means  of  a  solution  of  carbonate  of 
ammonia,  the  Hfne,  perweyde     iron,  photphafe  qf  (Uumma,  and 
other  constituent  principles  are  precipitated ;  the  liquor  is  then 
filtered,  evaporated  to  dryness,  and  the  residumn  is  ignited. 
The  alkalies,  in  combination  with  the  acids,  are  thus  obtained. 
The  alkali  which  is  ordinarily  met  with  in  mineral  waters  is  sod% 
yet  potash  and  lithia  are  likewise  found  therein.  The  presence  of 
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potask  or  of  soda,  whether  joint1\'  or  separately  contained  in  the 
mineral  water^  are  detected  by  the 'means  which  have  been 
indicated  (page  659).  The  presence  of  magnesia  renders  this 
research  more  difficult :  in  snch  case  the  operator  must  proceed 

as  has  been  said  (page  If  lithia  exists  at  the  same 

time,  whether  simultaneously  with  magnesia  or  not,  the  process 
is  that  described  (page  6S9). 

*  £.  A  fiesh  quantity  of  mineral  water  is  devoted  to  the 
research  of  ammonia,  which  is  sometimes  met  with  in  these 
natural  products.  The  liquid  is  evaporated  curcfiilly  at  a  very 
gentle  heat,  almost  to  dryness,  theu  the  remaining  mass  is  mixed 
with  potash,  for  the  purpose  of  detecting  the  presence  of  ammo- 
nia, either  by  the  odour  evolved,  or  by  means  of  a  glass  rod 
moistened  with  muriatic  add. 

*  If,  however,  the  quantity  of  ammonia  in  the  mineral  water 
is  extremely  feeble,  the  following  method  is  the  best : — A  pretty 
considerable  quantity  of  mineral  water,  which  may  be  previously 
concentrated  by  evaporation,  is  treated  by  an  excess  of  solution 
of  carbonate  of  potash,  or  of  soda;  as  soon  as  the  effervescence 
(whidi  is  due  to  a  disengagement  of  carbonic  acid,  which  takes 
place  when  the  water  contains  salts  of  alumina,  magnesia,  pro- 
toxyde  of  iron,  &c.)  has  ceased,  the  whole  is  introduced  in  a 
retort,  and  is  distilled  in  a  receiver  containing  a  little  muriatic 
add.  The  recdver  may  be  changed  when  about  half  the  liquid 
has  passed  over.  The  product  of  the  distillation  thus  obtained 
is  now  evaporated  to  dryness  at  a  verj'^  gentle  heat,  and  thus 
after  having  driven  oil'  the  excess  of  muriatic  acid,  muriate  of 
ammonia  is  obtained,  which  sublimes  without  redduum,  and 
in  which  the  presence  of  ammonia  can  be  detected  in  the 
ordinary  way. 

*  Almost  all  mineral  waters  contain  silicic  acid,  which  in 
a  qualitative  analysis  hardly  needs  be  separated.  This  acid 
exists  generally  therein  in  the  state  of  animalcula, 

*  Sulphurous,  boradc,  and  other  adds,  form  an  essential 
constituent  of  some  mineral  waters^  but  they  are  peculiar  to 
certain  countries  only. 
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*  Besides  carbonic  acid^  sulphuretted  hydrogen^  and  aulplmr- 
cm  add,  mineral  waters  often  contain  other  gaaeoiia  sabstanoei 
in  solution ;  they  are  principally  nitboosn  and  oztosn  gases. 
But  these  gases  are  generally  less  abundant  in  tlic  miDeral 
waters  properly  so  called^  than  in  well  or  pump  waters.  They 
may  both  be  disengaged  by  ebullition,  collected,  and 

*  Independently  of  the  constituents  which  hame  been  hitherto 
enumerated,  mineral  waters  very  often  contain  organic  sib- 
stances,  the  presence  of  which  causes  the  water  to  assume  a 
yellow  tinge  when  they  are  evaporated,  and  in  consequence  of 
which  the  dxy  salts  resulting  from  this  evaporation  become 
blackish. 
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CHAPTER  Xm. 

QUALITATIVE  ANALYSIS  OF  GASES. 

*  The  qualitative  analysis  of  a  ^'aseoiis  mixture  is  performed 
either  by  isolating  all  tlie  gases  contained  in  the  mixture  or  by 
aepanting  smraltaneoiisly  several  of  the  gues  of  which  it 
ooniiflts.  This  is  done  by  means  of  yarions  re-agents  which 
produce  solid  or  Hqnid  bodies  only  when  they  combine  with 
certain  species  of  gases,  whilst  they  have  no  action  upon  others. 
The  same  method  being  often  employed  for  the  quantitative 
analysiB  of  gaseous  mixtures^  which  will  be  treated  of  at  length 
in  the  second  volnme,  I  shall  now  describe  the  method  to  be 
followed  for  the  qualitative  analysis  of  gases,  more  succinctly  than 
I  have  done  in  describing  the  qualitative  analysis  of  other 
eubstanoes. 

*  The  experiments  which  it  is  necessary  to  make  for  the 

qualitative  analysis  of  a  gaseous  mixture  are  mostly  performed 
in  glass  tubes  closed  at  one  end,  and  which  are  as  large  but 
doubly  as  long  as  the  test  glasses  used  for  the  qualitative  analysis 
in  the  humid  way,  and  which  are^repiesented  in  the  figure, 
page  580.  The  diameter  of  these  tubes  should  not,  however, 
be  too  considerable,  and  be  sncli  that  the  open  extremity  can 
be  stopped  with  the  thumb  for  the  purpose  of  agitating  the  gas 
with  liquid  solvents. 

*  The  gaseous  mixture  under  examination  is  kept  over  mercury 
in  a  glass  bell,  small  portions  of  the  contents  of  which,  necessary 
for  each  experiment,  are  transmitted  into  the  tubes  iu  question. 
In  order  to  prevent  the  admixture  of  air  with  the  gas  whilst 
thus  transvased,  the  tube  is  filled  with  mercniy,  and  placed 
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upside  down  by  the  side  of  the  bell  in  the  mercurial  trough. 
This  trough  must  be  capacioiu  enough  to  allow  of  the  bell  to  lie 
in  it  at  whole  length,  and  yet  to  remain  covered  hj  the  mercury. 
The  bell  it  then  inclined  gradually  towards  a  horisontal  position 

.  until  the  gas  contained  therein  escapes,  and  the  test-tube,  filled 
with  mercury,  is  then  brought  to  it  in  sucli  a  way  that  the 
bubbles  of  gas  escaping  from  the  bell  ascend  tlirough  the  mercury 
into  the  test-tube.  If  the  necessary  quantity  of  mercury  is  not 
at  hand  or  to  be  had,  the  operator  i»  obliged  to  use  water  as  a 
substitute ;  the  results  are  not  the  less  exact  on  this  account  in 
most  qualitative  analyses.  If,  liowevcr,  the  ^'^aseous  mixture 
contained  gases  which  are  very  soluble  in  water,  the  mercurial 
trough  cannot  be  dispensed  with  even  for  a  simple  qualitative 
analysis. 

Yet  there  are  a  few  gases  which  are  absorbed  or  decomposed 

by  mercury  even  more  easily  than  by  water ;  such  is,  for  example, 
CHLORINE  QAs,  Such  gascs  must  always  be  collected  over  water. 

*  The  gaaes  which  may  be  met  with  in  qualitative  analysis 
are  the  following  :^-Oxtosn^  htdbooen^  bicarbubst  op 

HYDBOOEN,    DICABBUBST    OP      HTDBOGEN^  PHOSPHtrRBTTBD 

HVDHUGEN,  A  KSE  N I  U  KETTED  HYDROCiLN,  A  XT  I  M  O  M  I  K  FTTED 
HYDBOOEN,  CA&BONIC  OXYOE,  NITBIC  OXYDE^  NITROUS  OXYDE, 
NITBOOEN,  MURIATIC  ACtU^  HTnROBROMIC  ACID,  HTBRIOBIC 
ACID,  PLV09IL1CIC  ACID,  BOROPLVOBIC  ACID,  HTDROCTANIC 
ACID,  AMMONIA,  CARBONIC  ACID,  SUtPRVROVS  ACID,  CRLO- 
RrXE,  CYANOGEN,  SULPHURETTED  HYDROGEN,  SELENIURETTKD 
HYDROGEN,  AND  TELLU&ETTED  HYDROGEN. 

*  The  nature  of  a  gas  can  pretty  easily  be  ascertained  when 
not  mized  with  other  gases.  The  examination  of  the  gaseous 
mixture  is  begun  by  agitating  it  with  a  concentrated  solution  of 

>  Bicarburet  of  hydrogen  and  dicMflNiret  of  hydtogm  are  called  by  contUMntal 

chemists  carf,ure  dihydrique  (olefiant  gas),  and  carhurt  tetrahydriqu€  (light  carbu- 
rettt'd  liyilrogcn)  ;  livdrofjpn  J>eing  combined  in  the  first  with  double  the  qimntity  of 
carbon  contauietl  in  the  srcond  ;  that  is  to  say,  it  rnn«ists  of  one  rolumc  of  gaseous 
carbon  and  two  vulunies  of  h^  drogen  gas,  condensed  into  one  volume ;  iu  foimola  is 
aooordingly  CII^.  Tbe  aecood,  on  <he  ctmtrary,  contMoa  one  vofanna  of  gpoaooa 
cariMn,  and  four  rolmnea  of  hjfdrog^j  oondanaed  into  balf  tha  Toloma  of  tba  latter* 
or  the  |ih  oftlie  whde ;  ita  fcsimilft  niaj  then  bo  npveoentod  liy  CH^ 


Digitized  by  Googl 


ANALYSIS  OF  GAS  IIS. 


737 


potash,  which  easily  absorbs  certain  gases^  whilst  others  are  not 

absorl)etl  ])y  it  in  an  appreciahle  maiiiiLr. 

*  To  this  latter  series  the  ibllowing  gases  belong ; — Oxygjun, 

HTDBOOEN,    'BICARBUJLET    OF     HYDBOOEN,     DICABBUBBT  Of 
HYOBOOEN,  PH08PHUBETTED  HYBBOOEN,    AB8ENIUBETTBD   BY-  • 

DROGEN,  ANTl.MOMl  RETTED  HYDROGEN,  CARliOxMC  OXYDE,  NITRIC 

OKYDE,  NITROUS  oxvDE,  AND  NiTBOQEN. — These  gascs  dTC  Sub- 
sequently decomposed  by  thev  more  characteristic  properties. 

*  If  the  gas  under  examination  does  not  catch  fire  by  the  con- 
tact of  a  lighted  body,  such  as  a  match,  but  causes  it  (the  match) 

to  burn  vividly,  aiul  il"  a  gliiuuicrin<;  splinter  beinpr  plunged  into 
it  becomes  suddenly  ignited,  and  if  by  mixing  it  with  colourless 
xdtnc  ozyde,  ruddy  fumes  are  formed,  the  gas  is  oxygen. 

*  If  the  gas  under  examination  being  set  fire  to  bums  with  a 
bluish  flame, — if  it  lias  little  or  no  odour  (the  odour  is  always 
due  to  tlic  presence  of  a  foreign  substance), — if  when  mixed  with 
water  with  an  equal  Tolume  of  chlorine  gas  it  is  gradually 
absorbed  under  the  influence  of  day-li^^ht  by  lime-water,  without 
the  latter  becoming  turbid  ur  milky, — if  by  agitating  it  with 
solution  of  nitrate  of  silver  it  is  not  absorbed,  and  produces  no 
black  predpitate  in  it, — ^then  the  gas  is  hydboobn. 

^  If  the  gas  being  set  fire  to  bums  with  a  very  brilliant  flame, 
and  if  after  being  mixed  over  water  with  chlorine  gas  it  is 
absorbed,  small  dro])s  of  oil  being  at  the  same  time  produced, 
imparting  an  ethereal  smell  to  the  water,  and  if  an  excess  of 
lime-water  added  thereto  does  not  become  turbid,  and  lastly,  if 
it  is  not  absorbed  by  a  solution  of  nitrate  of  silTGr,  the  gas  is 

BICAUm  RET  OF  HYDROGEN  (olcfiant  gas). 

*  11'  the  gas  being  set  fire  to  burns  with  a  weak  blue  flame, — if 
by  mixing  it  over  water  with  chlorine  gas  it  is  decomposed  in  day« 
light  (though  not  in  the  dark), — and  if  the  lime-water  added 

thrrcto  becomes  turbid  IVum  a  production  of  carbonate  of  lime, 
the  ga^i  beiu<r  at  tlic  sainc  t  ime  absorbed  by  it  [and  if  not  absorbed 
by  solution  of  nitrate  of  silver,  nor  by  warming  it  with  potassium 
over  mercury,] — ^the  gas  is  dicabbvbbt  of  hydbogbn  {carbure 
tiirahydrique). 
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*  Phobfhuretted  htdbogbn  when  prepared  by  boiling  phos- 
phorus with  water  and  a  strongly  alkaline  base,  inflames  spon- 
taneously in  the  contact  of  the  air.   That  which  is  obtained  by 

heating  aqueous  phosphorous  acid  docs  not  inflame  spontaneously 
in  the  air ;  but  when  set  fire  to,  it  burns  like  the  preceding  with 
a  white  smoke,  which  reddens  moistened  litmus  paper,  a  property 
which  sufficiently  distinguishes  it  from  a  great  number  of  other 
gases.   Its  odour  besides  is  disagreeable  and  quite  peculiar. 

*  This  ^as  being  passed  through  a  ^lass  tube  of  a  moderate 
diameter,  and  heated  to  redness  on  one  point,  is  decomposed, 
phosphorus  being  deposited  on  the  cold  portion  of  the  tube.  If 
agitated  with  a  solution  of  nitrate  of  silver,  it  is  absorbed  wholly 
and  rapidly,  if  pure,  with  formation  of  a  black  precipitate,  which 
is  silver.  It  is  likewise  absorbed  completely  by  solntion  of  per- 
chloride  of  mercury  (corrosive  sublimate),  with  f<»  iiKition  of  a 
yellow  precipitate^  which  consists  of  perchlohde  of  mercui7, 
phoflphuret  of  mercury,  and  water. 

*  Considering  that  phosphuretted  hydrogen,  which  inflames 
spontaneously  in  the  air,  always  contidns  some  free  hydrogen 
in  more  or  less  considerable  quantity,  its  absorption  by  solution 
of  nitrate  of  silver  is  not  complete. 

^  Abseniubettsd  hydrooen  bums  when  set  fire  to,  and 
produces,  when  inflamed  in  an  inverted  tube,  a  blackish-brown 
deposit,  the  smallest  particle  of  which  is  sufficient  to  show  when 
heated  that  it  is  arsenic.  It  difiers  also  from  other  gases  by 
the  property  which  it  possesses,  when  agitated  with  solution  of 
nitrate  of  silver,  of  being  absorbed,  producing  at  the  same  time 
a  black  precipitate  of  silver ;  also  because  it  is  absorbed  by  a 
solution  of  pcrchloride  of  mercury,  producing  at  the  same  time 
a  browuish^yeilow  precipitate,  which  consists  of  perchlohde  of 
mercuiy,  of  arseniuret  of  mercury,  and  of  water.  As^  however, 
it  always  contains  hydrogen,  it  is  not  completely  absorbed  by 
these  two  liquids.  When  a  gas  containing  very  little  arseniu- 
ret ted  hydrogen  is  passed  through  a  glass  tube  of  a  moderate 
diameter,  and  heated  to  redness  on  one  point,  it  is  decomposed, 
.  and  deposits  at  a  short  distance  from  the  heated  point  a 
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metallic  mirror  of  araenic,  tbe  smallest  particles  of  which  may 

be  recognised  by  their  odour  as  arsenic  when  heated. 

Antimoniu&£Ttjsj)  hydrogen^  when  set  fire  to,  bums  with  a 
white  flame  analogous  to  the  preceding  gas,  and  likewise  when 
passed  through  a  tube  heated  red  hot  at  one  point,  deposits  a 
mirror  of  metallic  antimony  at  a  short  distance  iiom  the  heated 
point.  With  solution  of  nitrate  of  silver  it  forms  a  black  pre- 
cipitate, and  with  that  of  perchloride  of  mercury,  a  white 
precipitate  which  remains  for  a  long  time  in  suspension.  The 
best  method  of  distinguishing  antimoniuretted  hydrogen  firom 
arseniurettcd  hydrogen  consists  in  the  examination  of  the 
metallic  mirror  produced  by  the  decomposition  of  these  two 
gases  in  a  tube  heated  red  hot.  When  that  produced  by 
arseniurettcd  hydrogen  is  dissolved  in  nitric  add,  the  acid  con- 
tains then  arseiiious  acid;  if,  on  the  contrary,  that  produced  by 
antimoniuretted  hydrogen  is  dissolved  in  aqua  regia,  this  acid 
contains  then  oxyde  of  antimony. 

*  Cabbonic  oxtdb  being  set  fire  to  bums  with  a  blue 
flame,  without  any  appreciable  smell;  when  mixed  with  a 
solution  of  nitrate  of  silver  or  over  water  with  chlorine,  it 
behaves  in  the  same  manner  as  dicarburet  of  hydrogen,  firom 
which  it  differs  only  because  when  heated  with  potassium  over 
mcrcm-v  it  is  absorbed. 

*  Nitric  oxyd£  gas  is  colourless.  Yet  if  put  in  contact  with 
atmospheric  air  or  with  oxygen  it  produces  ruddy  fumes  which 
are  quite  characteristic.  It  is  absorbed  by  solution  of  sulphate 
of  protoxyde  of  iron  or  of  any  other  protosalt  of  iron,  which 
assumes  thereby  a  black  colour.  This  last  property  is  quite 
pecuhar,  and  belongs  to  no  other  gas. 

.  *  N1TKOIT8  OXTDB  GAS  is  uot  combustible ;  yet  a  glimmering 
splinter  plunged  into  it  is  inflamed  suddenly,  as  in  oxygen;  fifom 
which  it  is  distinguished,  because  it  produces  no  ruddy  fumes 
when  mixed  with  nitric  oxyde  gas.  It  is  not  absorbed  by  a 
solution  of  nitrate  of  silver. 

*  NiTBooBN  OAS  is  uot  combustible,  neither  can  it  support 
the  combustion  of  bodies  in  the  state  of  ignition.   It  has  on 

3  B  ^ 


I 

I 


740  ANALYSIS  OF  OASES. 

smell,  and  is  uot  acted  upon  by  clilorine  gas^  nor  by  solution  of 
nitrate  of  silTer^  nor  in  fact  by  any  other  re-agent.  These 
negatiye  properties  are  ehaiacteristic. 

*  The  gases  which  are  easily  absorbed  by  a  solution  of  pot- 
ash are  the  following : — Muriatic  acid,  hydrobromic  acid, 

HYDEIODIC  ACID^  FLVOSILICIC  ACID^  PLUOBOBIC  ACID,  HYOBO- 
CYANIC  ACID,  AMMONIA,  CARBONIC  ACID,  817I.7HI7ROV8  ACID, 
CHLOEINE,  CYANOGEN, BULPHUEETTED  H YOEOGEN, SELENIVEBTTED 

HYDROGEN,  and  TELLFRETTBD  HYDROGEN.  Thcsc  gRses  are  luore 

easily  distin^^uished  lioui  each  otlicr  than  the  other  prases  of 
\^  hich  we  have  just  been  speiikiug.  The  hist  seven  gases  are 
soluble  in  Yory  large  quantity  in  a  small  proportion  of  water, 
in  which  they  are  as  Mluble  as  in  a  solution  of  potash.  Con* 
sideriug  that  the  other  seven  gases  though  not  absolutely  inso- 
luble in  water  are  very  tar  from  being  as  soluble  as  the  otlu  rs, 
they  may  thus  be  distinguished  irom  each  other  by  this  property. 
When  the  first  seven  of  these  gases  are  mixed  with  other  gases 
they  may  be  easily  recognised,  after  having  absorbed  a  certain 
quantity  of  them  in  water,  by  the  properties  which  the  solution 
has  acquii  t'd ;  but  as  we  have  already  treated  at  lentrth  of 
such  solutions  iu  the  first  part  of  this  volume,  the  reader  is 
referred  to  it. 

*  The  seven  last  gases  which  are  not  so  soluble  in  water,  are 

very  easily  distinguished  from  each  other  when  mixed  with 

other  gases.  Carbonic  acid,  sulphurous  acid,  aud  chlorine  do 
not  burn  in  contact  with  atmospheric  an,  ^\lulst  cyanogen, 
sulphuretted,  selemuretted  aud  tetiureited  hydrogen,  when  set 
fire  to,  bum  in  contact  with  the  air.  The  smallest  traces  of 
these  four  last  gases  may  be  detected  by  the  odour  which 
they  exlialc,  especially  cyano^ren  and  sulphuretted  hydrogen, 
both  of  which  have  an  odour  which  cannot  be  mistaken; 
and  besides,  the  other  properties  which  have  been  related 
(pages  486,  448,  477,  479),  are  sufBknent  to  distinguish  these 
four  gases  with  certainty  from  each  other.  As  to  the  three 
gases  ^  hich  are  not  combustible,  namely,  chhnne,  sulphurous, 
and  carbonic  acids,  the  two  first  difier  from  the  last  by  their 


Digitized  by  Google 


ANALYSIS  09  OAS88. 


741 


soffocatiiig  and  peculiar  odour.  Carbonic  acid  is  inodorous, 
and  agitated  with  lime-water  it  is  absorbed,  producing  a  white 
precipitate,  which  may  he  redissolved  with  effervescence  by 
nearly  all  the  soluble  acids. 

*  As  these  various  gases  are  easily  recognised  when  free 
from  foreign  gases,  it  is  not  in  most  cases  yeiy  difficult  to 
recognise  them  when  mixed  with  other  gases.  It  is  only,  in 
some  cases,  which  will  be  spoken  of  further  on,  that  their 
detection  presents  some  difficulty  ;  and  in  such  circumstances  a 
quantitative  analysis  must  be  resorted  to. 

*A  very  great  nnmber  of  gases  having  the  property  of 
mntually  decomposing  each  other,  it  is  not  possible  that  all 
those  which  have  been  enumerated  (page  7S9)  can  exist  simul- 
taneously in  a  gaseous  mixture.  Thus,  chlorine  destroys  almost 
all  the  gases  which  contain  hydrogen.  When  it  is  in  sufficient 
quantity,  especially  imder  the  influence  of  solar  light,  the 
decomposition  takes  place  with  great  energy.  It  decomposes 
also  some  gases  which  contain  oxygen  (for  exam[)1e,  sulphurous 
acid),  but  water  must  be  present,  for  in  the  dry  way  it  has 
no  action.  On  the  other  hand,  sulphurous  acid  decomposes 
sulphuretted  hydrogen  (page  209)  and  other  gases  of  an  analo- 
gous composition,  but  for  this  the  presence  of  water  is  necessary 
also.  It  is  hardly  necessary  to  observe  that  ammoniacal  gas 
cannot  exist  in  presence  of  acid  gases. 

*  After  having  collected  over  mercury  tlie  jj:ascous  mixture 
which  is  intended  for  examination  (or,  if  it  contains  chlorine, 
over  water),  it  must  first  be  agitated  with  a  concentrated  solution 
of  potash.  If  nothing  is  absorbed,  the  mixture  is  composed  of 
the  gases  which  have  been  enumerated  (page  737) ;  if,  on  the 
contrary,  the  whole  is  absorbed,  the  mixture  consists  oi'  tlie 
gases  which  have  been  indicated  (page  T69) ;  lastly,  if  a  portion 
only  is  absorbed,  the  mixture  is  composed  of  gases  of  both 
species. 
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ANALYSIS  OF  THE  GAS  WHICH  IS  NOT  ABSORBED  BY  A 

SOLUTION  OF  POTASH. 

*  Thk  o))(  ralor  should  first  examiuc  whether  a  portion  ot  the 
gas  which  has  been  left  after  the  treatment  by  potash  can  be 
inflamed  or  not  in  contact  with  the  air.  In  the  first  case,  it 
consists  of  oombnstiblc  gases^  insoluble  in  a  solution  of  potash ; 

consequently  it  may  be  hydrogen,  carburet  of  hydrogex, 

PHOSPHUaSTTSD    HYO&OGEN,    ARSENIURETTED    UYDROOEN,  OF 

CARBONIC  oxYBBi  either  singly  or  mixed  with  some  of  these. 

*  It,  this  effect  not  taking  place^  the  gas  supports  the  com- 
bustion of  a  body  in  a  state  of  ignition  which  is  plunged  into 

it^  it  contains  oxyyen,  or  nitrous  oxyde, 

*  It'  the  mixture  which  is  set  fire  to  produces  a  more  or  less 
violent  detonation^  it  consists  of  oxygen  mixed  with  one  or  some 
of  those  which  have  hydrogen  as  a  constituent ;  and  if  this 
second  compound  is  bicarburet  of  hydrogen,  the  detonation  is 
very  violent  and  dangerous. 

*  When  the  gaseous  mixture  is  neither  combustible  in  the 
air  nor  capable  of  supporting  the  combustion  of  a  body  in  a  state 
of  ignition,  it  is  either  totally  or  principally  composed  oinUngen, 
or  of  fdiric  oseyde, 

*  A  portion  of  tlie  gaseous  mixture  which  has  not  been 
absorbed  by  the  solution  of  potash  is  agitated  with  a  solution  of 
nitrate  of  silver.  If  it  be  partially  or  totally  absorbed  by  it, 
with  formation  of  a  black  precipitate,  the  gas  absorbed  is  com- 
posed either  of  phosphuretted  hydrogen,  or  of  arseniuretted 
hydrogen;  it  is  easy,  attention  being  paid  to  what  we  hiive  said 
on  the  subject  (page  738),  to  recognise  which  of  these  two  gases 
is  contained  in  the  niixtiu*e.  In  such  a  case  the  portion  which 
has  not  been  absorbed  by  the  solution  of  nitrate  of  silver  consists 
of  hydrogen  gas  only,  with  which  these  gases  are  almost  generally 
mixed. 

*  If  the  mixture  is  inflammable  in  the  contact  of  atmospheric 
air,  and  yet  is  not  absorbed  by  solution  of  nitrate  of  silver, 
chlorine  is  added  to  it  over  water.  When  the  mixture  contains 
bicarburct  of  hydiogeu,  it  is  easily  recognised  as  such  by  the 
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drops  of  oil  which  aie  tamed,  and  the  ethereal  odour  which  the 
water  impregnated  with  the  gas,  acquires.  If  the  gas,  mixed 
with  clilorine,  after  remaining  exposed  to  daylight,  is  al)s(>i'bcd 
by  au  excess  of  lime-water,  whicli  at  the  same  time  becomes 
turbid,  it  may  contain  dther  dicarburet  of  hydrogen  or  carbonic 
oxyde.  It  is  difficult  in  (jusditatiTe  analysis  to  determine  which 
of  these  two  gases  is  contained  in  tlic  mixture,  or  whether  both 
of  them  arc  contained  therein.  The  only  means  of  effecting  it 
consists  in  introducing  a  small  piece  of  potassium  in  the  dry 
mixture  of  gases,  and  in  heating  it  over  mercury.  The  oxyde  of 
carbon  is  thus  absorbed,  whilst  the  car])uret  of  hydrogen  reniaiiiH 
unaltered  (page  737).  When,  independently  of  this  gas,  hydro* 
gen  exists  in  the  mixture  in  the  free  state,  its  presence  cannot 
be  ascertained  in  qualitatiTe  analysis. 

*  If  tlie  gas,  which  is  combustible  in  the  air  after  being  mixed 
over  water  with  chlorine  gas,  is  absorbed  after  a  more  or  less  con- 
siderable time,  but  without  produdng  a  white  precipitate  in  the 
lime-water  which  has  been  added  in  excess,  the  gas  is  hydrogen. 

*  When  the  mixture  is  incombustible  in  contact  with  the  air, 
but  detonates  when  set  fire  to,  nitric  oxyde  is  to  be  mixed  with 
it.  If  ruddy  fumes  are  thus  produced,  and  absorption  takes 
place,  it  is  a  sign  that  oxygen  is  present.  That  of  nitric  oxyde 
is  also  easily  recognised  by  introducing  oxygen  gas  or  atmo- 
spheric air  with  the  mixture.  Yet  nitric  oxyde  may  also  be 
recognised,  l)ccause  it  is  absorbed  by  a  solution  of  protosalt  of 
iron,  and  the  black  colour  which  it  communicates  to  the  latter. 

*  If  anything  remains  after  the  gaseous  mixture  has  been 
successively  treated  by  a  solution  of  nitrate  of  silver,  by  gaseous 
chlorine,  then  by  oxygen  or  nitric  oxyde,  it  can  only  be  nitrous 
oxyde,  or  nitrogen.  In  the  first  case,  the  gas  supports  com- 
bustion ;  in  the  second,  it  does  not.  If,  however,  the  two  gases 
exist  simultaneously  in  the  mixture,  they  may  be  separated 
from  each  other,  and  recognised,  by  adding  to  the  mixture  about 
one-fourth  of  its  volume  of  alcoholi  and  agitating  the  whole  for 
a  long  time ;  the  nitrous  oxyde  gas  alone  is  absorbed,  and  the 
nitrogen  remains. 


Digitized  by  Google 


744  ANALYSIS  OF  GASES. 

ANALYSIS  OF  THE  GAS  ABSORBED  BY  THE  SOLUTION 

OF  POTASH. 

*  The  qualitative  analysis  of  the  solution  of  the  gases  which 
have  been  enumerated  (page  739),  might  "d  la  rigueur"  be 
performed  in  the  manner  described  in  Chapters  VIII.  and  XI. 
of  this  Second  Part ;  for,  with  the  exception  of  ammonia,  the 

solutions  of  these  ga.se.s  in  water  produce  uith  potash  com- 
binations the  acid  elements  of  which  may  be  detected,  according 
to  the  methods  which  have  been  described  in  those  two  chapters. 
There  are  some  cases,  however,  in  which  certain  gases  can  be 
more  easily  recognised  in  the  gaseous  mixture  itself,  by  treating 
it  with  various  re-agcnts. 

*  Most  of  the  gases  which  the  solution  of  potash  absorbs  are 
of  an  acid  nature.  The  gases  which  are  strongly  acid  are 
absorbed  in  the  dry  state  over  mercury  by  borax,  though  in 
most  cases  very  slowly  (for  example,  muriatic  acid,  sulphurous 
acid,  &c.)  The  gases  which  are  feebly  acid,  such  as  carbonic 
neid  and  sulphuretted  hydrogen,  are  not  absorbed  by  borax. 
This  is  therefore  a  good  mean8>  in  certain  cases,  of  distinguishing 
them  from  each  other. 

*  If,  l)efore  putting  the  gaseous  mixture  in  contact  with  the 
solution  of  potiish,  it  be  treated  by  a  very  small  quantity  of 
water,  the  latter  dissolves  certain  gases  largely,  whilst  others, 
enumerated  (page  739),  are  dissolved  by  it  only  in  much  less 
considerable  quantity. 

*  Therefore,  after  having  treated  the  gaseous  mixture  with  very 
little  water,  a  portion  of  the  gas  which  has  not  been  absorbed  is 
agitated  with  lime-water,  by  wliich  it  is  absorbed  in  toto.  If 
the  lime-water  becomes  turbid  or  milky,  it  is  a  proof  of  the 
presence  of  carbonic  acid,  by  which  property  it  is  generally 
detected  when  mixed  with  other  gases,  even  with  such  as  aie 
not  a]).s()rbcd  by  a  solution  of  potash. 

*  A  portion  of  the  gas  is  agitated  with  a  solution  of  acetate  nf 
lead.  If  a  black  precipitate  takes  place,  and  if  the  gas  is 
absorbed  either  wholly  or  partially,  the  conclusion  is,  that  it 
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contains  sulphuretted  hydrogen,  the  least  quantity  of  whicli 
is  detected  besides  by  its  odour^  and  if  in  large  proportion,  by 
the  properties  which  it  poasesaes  of  burning  in  the  contact  of 
the  air  with  ahlue  flame,  and  with  an  odour  of  sulphnnms  acid. 
SELENiTTRETTEn  and  TBLLURBTTSD  HTDBOOEN  behftve  in  the 
same  manner,  but  they  have  not  the  latter  property. 

*  When  the  gas  destroys  the  blue  colour  of  tincture  of  litmus, 
or  imparts  a  yellow  colour  to  the  liquor,  and  also  when  it  is  wholly 
or  partially  absorbable  by  mercury,  chlorinb  oas  is  present. 

*  If  the  gas  has  the  wcll-kiiown  odour  of  burning  sulphur;  if 
it  is  absorbed  by  red  lead,  or  by  the  brown  oxyde  of  lead 
(Pb  O^),  as  well  as  by  borax,  it  is  sulphurous  acid  gas. 

*  In  order  to  ascertain  whether  the  mixture  contains  any 
cyanogen  gas,  it  is  passed  through  solution  of  potash,  which 
will  absorb  it,  and  to  this  solution  one  of  sulphate  of  protoxyde 
of  iron,  containing  a  small  quantity  of  pcroxyde,  is  added.  A 
little  dilute  sulphuric  or  muriatic  add  is  next  poured  in,  so  as  to 
render  the  liquid  add.  If  a  blue  precipitate  is  produced,  the 
mixture  contains  cyanogen  gas.  It  is  advisable,  before  making 
these  experiments,  to  introduce  some  red  oxyde  of  mercury  into 
the  gas,  for  the  purpose  of  absorbing  the  yapours  of  hydrocyanic 
add  which  might  exist,  because  otherwise  the  presence  of  that 
substance  might  subsequently  give  rise  to  phenomena  analogous 
to  those  which  cyanogen  gas  produces.  Cyanogen  gas  is  not 
absorbed  by  pero^qrde  of  mercury. 

*  The  gases  largely  soluble  in  a  small  quantily  of  water,  and 
whidi  have  been  enumerated  (page  789),  are  easily  recognised, 
even  when  mixed  with  several  others. 

*  When  at  the  time  of  its  absorption  by  water  the  gas  deposits 
gelatinous  flakes,  which  are  easily  identifled  as  silidc  add,  the 
conclusion  is,  that  it  contains  ylvosilicic  gas. 

*  If  the  solution  of  the  gas  in  a  small  quantity  of  water  is 
mixed  with  alcohol,  and  if  the  latter  being  set  fire  to  bums  with 
a  green  flame,  it  is  a  proof  of  the  presence  of  fluoboric  gab. 

*  If  the  solution  of  the  gas  in  a  small  quantity  of  water,  or 
better  still,  its  solution  in  one  of  potash,  being  mixed  with  nitric 
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acid  and  a  solution  of  starch,  prodoceB  a  blue  colour  with  the 
latter,  it  is  a  sign  of  the  presence  of  hyobiooic  acid  gas,  which, 

however,  is  decomposed  by  mercury,  and  which  cannot  be 
collected  over  water  ou  accouut  of  its  great  solubility  in  this 
menstruum. 

*  If  chlorine  gas,  or  an  aqueous  solution  of  chlorine,  being 
added  to  the  ^as,  imparts  a  brown  colour  to  the  solution,  which 

colour  disappears  by  agiLutiiij^  the  solution  with  ether,  wliich 
takes  it  u^,  it  is  a  certain  indication  of  the  presence  of  uydbo- 

BBOUIC  ACID  GAS. 

*  If  the  solution  of  the  gas  in  water  is  precipitated  white  hy 
a  solution  of  nitrate  of  silrer,  and  if  the  precipitate  so  produced 

is  iusoluble  in  dihite  nitric  acid,  but  soluble  in  ammonia,  and  if 
the  absence  of  hydrobromie  and  hydrocyanic  acid  gases  have 
been  previously  ascertained,  the  gas  contains  mubiatic  acid, 
the  existence  of  which,  however,  is  difficultly  ascertained  in 
presence  of  hydrobromie  acid.  In  such  a  ease,  the  operator 
should  proceed  with  the  aqueous  solution  of  the  gas,  pre>iously 
saturated  with  potash  and  evaporated,  as  we  hare  said  (page  424.) 

*  If  the  solution  of  the  gas  in  one  of  potash  behaves  like  that 
of  cyano^n  in  this  re-agent,  but  yet  if  the  gas  is  absorbed,  either 
wholly  or  partially,  by  peroxyde  of  niereury,  the  operator  may 
rest  assured  that  it  contained  hydrocyanic  acid. 

*  Lastly,  if  white  fumes  are  produced  in  the  gas  when  either 
concentrated  muriatic  acid  or  muriatic  acid  gas  are  introduced 
into  it,  and  if  this  phenomenon  is  accompanied  by  a  con- 
densation, the  gas  contains  ammonia,  which  gas,  however, 
cannot  exist  in  presence  of  an  acid  gas,  and  a  small  quantity  of 
which  may  already  be  detected  by  its  peculiar  odour. 


ERRATUM. 

Note  ]Bt,  page  48,  inatetd  of    m  with  jiolcuA,"  reftd  «  m  with  Qkmrna.** 
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